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PREFACE. 


The  ezoellenoe  of  the  series  of  monographs  issued  under  the  editor- 
ship of  Professor  Nothnagel  has  been  recognized  by  all  who  are  suffi- 
ciently familiar  with  Grerman  to  read  these  works,  and  the  series  has 
found  a  not  inconsiderable  proportion  of  its  distribution  in  this  and 
other  English-speaking  countries.  I  have  so  often  heard  r^ret  expressed 
by  those  whose  lack  of  &miliarity  with  Grerman  kept  these  works  beyond 
their  reach,  that  I  was  glad  of  the  opportunity  to  assist  in  the  bringing 
out  of  an  English  edition.  It  was  especially  gratifying  to  find  that  the 
prominent  specialists  who  were  invited  to  co-operate  by  editing  separate 
volumes  were  as  interested  as  myself  in  the  matter  of  publication  of  an 
English  edition.  These  editors  have  been  requested  to  make  such  addi- 
tions to  the  original  articles  as  seem  necessary  to  them  to  l)ring  the 
articles  fully  up  to  date  and  at  the  same  time  to  adapt  them  thoroughly 
to  the  American  or  English  reader.  The  names  of  the  editors  alone 
suffice  to  assure  the  profession  that  in  the  additions  there  will  be  pre- 
served the  same  high  standard  of  excellence  that  has  been  so  conspicuous 
a  feature  in  the  original  Grerman  articles. 

In  all  cases  the  German  author  has  been  consulted  with  regard  to  the 
publication  of  this  edition  of  his  work,  and  has  given  specific  consent. 
In  one  case  only  it  was  unfortunately  necessary  to  substitute  for  the 
translation  of  the  Grerman  article  an  entirely  new  one  by  an  Amencan 
author,  on  account  of  a  previous  arrangement  of  the  German  author  to 
i.s8ue  a  translation  of  his  article  separately  from  this  series.  With  this 
exception  the  Nothnagel  series  will  be  presented  intact. 

ALFRED  STENGEL. 
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EDITOR'S  PREFACE. 


The  articles  comprisiDg  this  volume  are  authoritative  presentations 
of  the  more  important  scientific  aspects  of  Hematology  and  do  not 
pretend  to  fill  the  place  of  text-books  of  Clinical  Hematology.  Details 
regarding  methods  of  examination  have  been  omitted  by  the  authors 
of  the  original  articles,  and  the  editor  has  considered  it  proper  to  add 
only  such  recent  methods  as  had  a  bearing  on  the  subjects  discussed  in 
the  original  text.  In  the  same  spirit  additions  to  the  scientific  discus- 
sions have  been  limited  to  such  as  might  amplify  the  original  articles  or 
present  the  more  recent  views  of  other  authors,  including  those  who 
have  not  accepted  the  teachings  of  the  authors  of  the  volume.  The 
task  of  editing  has  been  made  more  diflScult  by  the  editor^s  feeling  that 
the  character  of  the  volume  should  not  be  altered  through  an  attempt 
to  include  a  wider  range  of  subjects  than  the  original  articles  contained. 
The  teachings  of  Ehrlich  and  his  pupils  have  occasioned  not  a  little 
controversy ;  it  has  seemed  proper  to  refer  to  the  views  of  some  of  the 
opponents.  Less  occasion  was  found  to  add  to  the  article  on  Chlorosis, 
for  the  reason  that  there  has  been  less  activity  in  the  study  of  this  dis- 
ease, and  the  knowledge  of  the  present  day  is  more  fixed  and  probably 
more  certain. 

ALFRED  STENGEL. 
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BY 

PROF.  DR.  P.  EHRLICH  and  DR.  A.  LAZARUS 


Histology  of  the  Blood, 

NORMAL  AND  PATHOLOGIC- 


INTRODUCTION. 

DEFINITION.-CLINICAL  METHODS  OF  EXAMINATION 
OF  THE  BLOOD. 

A  SOMEWHAT  different  significance  has  been  given  to  the  word 
"anemia"  in  practical  medicine  and  in  scientific  investigation.  The 
former  regards  as  significant  certain  striking  external  symptoms,  as 
pallor  of  the  skin,  and  a  diminished  redness  of  the  mucous  membrane 
of  the  eyes,  of  the  lips,  of  the  buccal  cavity,  and  of  the  throat  More- 
over, these  symptoms  characterize  not  only  the  presence  of  anemia,  but, 
in  accordance  with  their  greater  or  less  intensity,  also  the  degree  of  the 
anemia. 

It  is  evident  a  priori  that  a  definition  constructed  on  such  a  frequent 
and  elementary  syndrome  must  include  conditions  not  belonging  together, 
and  omit  others  which  should  be  included.  As  a  matter  of  fact,  a 
series  of  ambiguities  and  contradictions  are  referable  to  this  circum- 
stance. 

The  first  problem  in  a  scientific  consideration  of  anemia  is  to  deter- 
mine carefully  the  limitation  of  the  terra.  For  this  the  external  symp- 
toms are  little  adapted,  though  in  their  proper  place  their  practical 
significance  is  not  small. 

Etymologically  the  word  anemia  signifies  an  amount  of  blood  less 
than  that  in  health.  This  abnormality  may  be  "general,"  throughout 
the  entire  organism  ;  or  "  local  " — that  is,  confined  to  a  circumscribed 
region,  for  instance,  a  single  organ.  The  latter,  the  local  anemias,  will 
be  omitted  entirely  from  consideration. 

The  amount  of  blood  may  be  less  than  normal  quantitatively  and 
qualitatively.  There  may  be  a  diminution  of  the  amount  without 
alteration  of  the  composition,  oligemia;  or  there  may  be  a  diminution 
of  the  essential  constituents  of  the  blood  independently  of  general 
quantity.     In   this   latter  case  two  chief  types  are  differentiated :   a 
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dimioiition  of  tlie  ltomogl(il>inj  olif/ochromenim^  and  a  diminution  of  the 
numbiT  of  reil  blood-c'ijrpUbC'les,  olif/ocythnnia. 

The  term  anemia  includes  all  conditions  in  which  a  decrease  of  the 
hemoglobin  k  (KTc-eptible,  In  the  great  majority  of  these,  but  not 
oonstantly,  thure  is  at  the  same  time  more  or  less  oligemia  and  oligo- 
cytliemia. 

The  most  important  methods  of  clinical  hematology  are  directed 
toward  tht:  demonstration  t>f  these  changes, 

JJuantity  of  Blood. — The  estimation  of  the  entire  quantity  of 
blood  can  not  be  accomplished  by  any  methixl  now  at  our  disposal. 
Something  can  be  gathered  from  observation  of  the  previously  men- 
tioned symptoms,  namely,  the  redness  or  pallor  of  ttie  skin  and 
mucous  mcml>nines  ;  yet  diese  are  to  a  great  extent  de|  ten  dent  on  the 
composition  of  the  blood  (quality  of  the  blood),  and  not  on  the  tui'ges- 
cence  of  the  periplieral  vessels.  If  the  latter  is  to  he  taken  as  a  criterion 
for  the  entire  amount  of  blood,  it  is  advisable  to  obser\^e  isolated  vessels 
visible  to  the  naked  eye,  for  instance,  on  the  seleni,  or  even  more  partic- 
ularly those  on  the  posterior  eye-ground,  by  means  of  the  ophthalmo- 
scojie,  Raehlmann  has  sh(>wn  that  in  60  per  cent,  of  cases  of  chronic 
anemia  in  which  the  skin  and  mucous  membranes  are  very  pale  there 
is  a  hypemmia  of  the  retina,  a  proof  that  in  such  cases  blood  that  is 
paler  than  normal  but  not  necessarily  less  in  quantity  circulates  in  the 
vessels.  A  more  importtmt  criterion,  though  valuable  only  on  con^^ider- 
able  diminution  of  the  blooil,  is  the  quality  of  the  pulse,  wddcb  is  always 
especially  small  and  soft  in  marked  oligemia. 

The  flow  of  bloml  from  punctures  gives  a  further  indication  of  the 
amount  of  bl<x>d,  thongli  an  uncertain  one,  bc^^au;^  of  the  variable 
coagulability  of  the  blood.  Any  one  who  has  made  frequent  blood 
examinations  in  aneraics  must  have  noticed  the  extraordinary  dif- 
ferences w^iich  are  manifested.  In  some  eases  a  drop  of  blood  can 
scarcely  be  olitained  by  the  ordinary  metlK>ds,  while  in  others  the  blood 
gushes  freely.  It  is  im|x\ssible  to  err  in  the  first  instance  in  inferring 
an  absolute'  diminution  in  the  amount  of  Idom}.  Still  the  tnrg*A*icence 
of  the  perii>licral  vessels  is  of  only  relative  value  since  the  blood  con- 
tent of  the  diilerent  organs  may  be  very  different. 

The  prol)lcm  of  estimating  exactly  the  amount  of  bloml  has  always 
been  recognized  as  important,  and  its  solution  will  mark  an  im]K>rlant 
advanet^  in  hematology.  Several  clinical  meth(»ds  have  l>een  pro|>osed. 
Tarchanoff  suggtvsted  that  the  amount  of  hlmxl  be  estimated  by  eom- 
parisim  of  the  nimilier  i»f  red  blood -cor  jni  stales  before  and  after  an 
active  artificial  sweat,  the  loss  of  water  in   which  has  been  measured* 
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Omitting  many  theoretic  considerations^  this  method  is  much  too  com- 
plicated for  practical  use. 

Quincke  proposed  a  method  bj  means  of  the  transfusion  of  blood. 
He  claimed  that  from  the  number  of  red  blood-corpuscles  in  the  subject 
before  and  after  the  injection  of  a  definite  amount  of  blood  containing 
a  known  number  of  red  blood-corpuscles,  the  quantity  of  blood  might 
readily  be  estimated.  This  method  also  is  practicable  only  in  selected 
cases,  and  to  it  there  are  many  theoretic  objections.  In  the  first 
place,  it  is  naturally  dependent  on  the  relative  number  of  red  blood- 
corpuscles  in  the  blood,  inasmuch  as,  for  instance,  the  transfusion  of 
normal  blood  into  normal  blood  would  produce  no  change  in  the  num- 
ber. This  circumstance  alone  shows  that  the  procedure  is  practicable 
in  only  a  few  special  cases.  True,  it  has  been  proved  that  normal  blood 
injected  into  an  individual  showing  a  very  small  corpuscular  count  has 
produced  an  increase  of  red  blood-corpuscles  per  cubic  millimeter ;  yet 
it  is  extremely  hazardous  to  estimate  from  this  the  volume  of  the  pre- 
existent  blood,  since  currents  making  for  circulatory  equilibrium  and 
changes  in  the  distribution  of  the  blood  undoubtedly  follow  the  trans- 
fusion. 

It  is  much  more  practicable  to  introduce  directly  into  the  circulation 
soluble  chemic  substances  which  remain  in  the  serum  and  are  not  easily 
excreted  from  the  vessels  ("  serotrope  StoiFe ").  The  antisera  are  the 
most  available  for  this  purpose,  since,  according  to  the  well-known 
investigations  of  Behring,  they  are  retained  a  long  time  in  the  serum. 
It  is  comparatively  easy  to  determine  the  degree  of  dilution  which  such 
bodies  undergo  in  the  circulation.  For  instance,  1  c.c.  of  tetanus 
antitoxin  solution  of  known  strength  is  injected  into  the  circulation  of 
an  individual,  and  after  allowing  the  blood  to  circulate  a  number  of  times 
in  order  to  bring  about  a  thorou<^h  mixture  of  the  antitoxin,  several  cubic 
centimeters  of  blood  are  drawn  from  an  arm  vein.  If  the  serum  of  this 
blood  shows  one-three-thousandth  part  of  the  antitoxic  power  of  the 
undiluted  substance,  the  total  circulating  serum  must  amount  to  3000 
c.c.  and  the  entire  blood  to  over  6000  c.c.  In  anemics  the  proportion 
by  volume  of  the  serum  to  the  red  blood-corpuscles  must  naturally  be 
estimated  for  every  individual  case.  In  this  way  the  amount  of  blood 
may  be  quite  accurately  measured  in  the  living  subject  without  any 
considerable  difficulty. 

[Haldane  and  Smith'  have  recently  applied  a  method  with  con- 
siderable success.  It  is  based  upon  the  quantity  of  CO  gas  absorbed 
by  the  blood  of  a  patient  when  a  certain  degree  of  saturation  is  obtained. 
'  Jowr,  Physiol.y  vols.  xxii.  and  xxv. ;  Trans.  Path.  Soc.f  London,  vol.  li 
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The  jiatient  ih  made  to  inhale  a  certain  (juiintity  of  CO  gas — e,  </,, 
100  c.c. ;  if  the  test  saoi{>le  of  blood  shows  by  their  special  method 
20  per  cent,  ^turation,  the  total  capacity  for  CO  Is  500  (%c.  The 
total  quantity  of  blood  is  then  determined  by  comparing  the  color  o( 
the  jKitient's  blrKxl  with  that  of  ox  blomi  of  known  ciipacity  for  CO 
absorption.  If,  tor  example,  the  color  of  the  saniplr,  as  tested  above,  is 
the  same  as  that  of  ox  blood,  100  cue.  of  which  are  Ciipable  of  absorbing 
20  c.c*  of  CO  g;is,  the  pitient's  blo*>d  contaiiiefl  20  c.e.  of  CO  gik>  in 
every  100  c.e.  of  his  blood.  To  absorb  500  c.c.  of  CO  his  blood  volume 
must  thereibre  have  been  (500  -r-  20  ^)  25  X  100  c.c.,  or  2500  c.c. 
Using  this  method,  the  authoiis  determined  the  total  normal  blood 
volume  at  from  2S30  to  4550  gm.,  or  one- thirtieth  to  one-sixteenth  of 
the  IxkIy  weight. — El*.] 

Number  of  Red  Corpuscles.— There  is  no  constituent  of  the 
blood  which  has  been  so  accurately  and  regularly  estimated  as  the 
nnmtier  of  red  eorpuscles  in  a  cubic  centimeter  of  bhjod.  The  simplicity 
of  the  counting  aj>pjiratus  commeuded  the  methrRl.  The  most  commouly 
employed  are  the  Thoma-Zeiss  and  similarly  constructed  instrument'^,  the 
principle  r>f  which  may  be  assumed  Uy  be  known.  For  the  dibition  of  the 
blood  a  series  of  fluids  have  l>eeu  proposed  which  are  claimed  to  pre* 
serve  the  8ha|je  and  nalor  of  the  red  blood-corpuscles,  prevent  rouleaux 
formation,  and  eueoun^ge  nipid  sedimentation.  Among  the  well-known 
solutions,  Pacini's  and  Hayem's  may  be  mentioned  : 

Paciui's  ttuid : 

Hvdnirp:.  biclilor. * 2.0 

Kidii  rhior. 40 

Glvetrin 26.0 

A<iua  ck-HtiU .226.0 

Hay  em's  liuid  : 

HvfJrar^.  hichlor.  ....*».*....... 0.5 

Sotjii  suliih .  5.0 

StMlii  ehlorat 1.0 

Aquii  tiestill. 20O.0 

The  estimation  of  the  white  blood -corpuscles,  which  is  carried  out  wiih  a 
flimilar  iDStruineut.  but  m  a  rule  with  the  blood  diluted  10  instead  of  lUO 
times,  ref| aires  a  flihitlug  fluid  which  de*?tn>vs  the  reiJ  bltMxi-i corpuscles  and 
makes  the  white  more  eonspicuou.s  liy  emphasizing  their  nuclei.  The  solu- 
tion nifjst  adapteil  to  this  puq^ose  is  that  recommended  hy  Thoma,  namely, 
jibcnit  0.5  per  cent,  acetic  acid  solution  to  which  a  trace  of  methyl-violet  baa 
been  addeil.' 

The  results  of  this  method  of  counting  are  exceedingly  accurate  in 
that  A.  R.  Thoma  and  I,  F.  Lyon  have  shown  that  the  pr«)bability  of 

*  For  the  estimation  of  the  proportioTi  of  the  white  to  the  red  eori>iJ»clw,  iis  well  as 
of  the  in<lividual  forms  to  oae  anothefi  »ee  section  on  Morpbolo^'y  of  iht^  Blood. 
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error  is  only  5  per  cent,  on  counting  200  cells,  2  per  cent,  for  1250,  1 
per  cent,  for  5000,  0.5  per  cent,  for  20,000  cells. 

In  the  practical  application  of  the  method  factors  come  into  con- 
sideration which  modify  the  accuracy  of  the  count.  Cohnstein  and 
Zantz,  and  others,  have  shown  that  the  blood  of  the  larger  vascular 
trunk  is  constant  in  composition,  while  that  of  small  vessels  and  capil- 
liaries  may  have  considerable  variations;  for  instance,  the  capillary 
blood  may  differ  on  the  two  sides  in  a  hemiplegic,  and  stasis,  cold,  etc., 
may  raise  the  number  of  red  blood-corpuscles  locally.  In  counting, 
therefore,  the  blood  should  be  drawn  only  from  parts  of  the  body  free 
from  striking  changes ;  all  manipulation  should  be  avoided  which 
might  change  the  capillary  circulation,  like  rubbing,  friction,  etc. ;  and 
the  examination  should  be  undertaken  at  a  time  when  the  number  of 
red  blood-corpuscles  is  not  influenced  by  digestion  or  medicaments. 

The  general  practice  is  to  take  the  blood  from  the  tip  of  the  finger, 
and  only  exceptionally — for  instance,  in  case  of  edema  of  the  fingers — 
from  other  places,  like  the  lobe  of  the  ear  or  the  great  toe  (especially  in 
children).  A  sharp  needle  or  the  open  or  concealed  lancets  constructed 
for  the  purpose  are  unnecessary ;  the  author  recommends  most  highly, 
in  place  of  all  complicated  apparatuses,  a  new  steel  writing-pen,  one 
prong  of  which  has  been  broken  off.  Such  a  pen  is  readily  disinfected 
by  heating  it  in  a  flame,  and  with  it,  not  a  prick,  but  a  more  satisfactory 
open  wound  is  obtained  from  which  the  blood  flows  freely  without 
pressure. 

The  literature  in  regard  to  the  estimation  of  red  blood-corpuscles  in 
health  is  almost  unlimited.  According  to  the  recent  statistics  of  Reinert 
and  v.  Limbeck,  the  following  figures  (reckoned  per  c.mm.)  may  l)e  con- 
sidered physiologic : 


Meru 

Maximam. 
7,000,000 

Minimum. 
4,000,000 

Women. 

Average. 
5,000,000 

Maximum. 
5,250,000 

Minimum. 
4,500,000 

Average. 
4,500,000 

This  difference  between  the  sexes  begins  at  the  puberty  of  the 
female,  up  to  which  time  (the  beginning  of  menstruation)  she  possesses 
a  .somewhat  larger  number  of  red  blood-corpusclcs  (Stierlin).  Other- 
wise age  seems  to  exercise  no  influence,  except  in  the  case  of  the  new- 
born, when  ]>olycythemia  (up  to  8,000,000  during  the  first  days  of  life)  is 
regularly  observed  (E.  Schiff).  P'rom  the  time  of  the  first  feeding  this 
number  gradually  decreases  to  the  normal,  which  is  reached  in  from  ten 
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to  fourteen  days.  Now  and  agstin,  aoeording  to  Solimaltz,  nligfieythcnilii 
J8  observed  in  old  age  ;  yet  this  is  not  tbe  nile^  and  nuKst  therefore  be 
considered  not  a  physiologic  jx^ciiliarity,  but  a  eont^qnence  ui'  allied 
conditions. 

The  influence  ordinarily  exercised  i>n  the  numher  of  red  lilorKl-eor- 
puiwles  by  the  taking  of  nourisbmciit  is  attributable  to  the  introdnetinu 
of  fluid,  and  ia  so  slight  that  the  deviations  usually  lie  within  the  limits 
of  teehnieal  error. 

Other  physiologie  tactorsj  like  the  first  menstruation,  pregnancy, 
and  lact^ition,  have  no  perceptible  influence.  There  is  alsc*  no  difier- 
eof^e  between  arterial  and  venous  blood. 

All  fluetiiations  in  the  number  of  blood -corpuscles  within  the  physio- 
logic limit  ai'e,  according  to  Coh ostein  and  Zuntz,  de].>endent  on  vasornotor 
influences.  Irritations  by  which  peripheral  vessels  become  narrower, 
lessen  the  number  in  that  locidity,  while  stimulation  of  the  vaso- 
dilators prcKluees  the  opposite  elTcet.  Tiiis  would  go  to  prove  that  the 
physiologic  fluctuations  of  number  in  any  locality  are  only  the  expres- 
gioD  of  a  changed  distribution  of  the  red  elements  within  the  vessels, 
and  are  entirely  iudei>endeut  of  new  formation  and  destruction  of  the 
cells. 

Climatic  conditions  apparently  have  greater  influence  on  the  numljer 
of  bltMTil-corpusclcs.  This  question  is  important  from  a  physiologic, 
pathologic,  and  theraijcutic  standpoint,  and  has  been  hmught  to  the 
foreground  during  recent  years  by  Viault's  investigations  at  the 
summit  of  the  Cordilleras.  Frr>m  these  researches,  as  well  as  fr€>m 
those  of  Mercier,  Egger,  WcjIAF,  Koppe,  v.  J  a  run  tow  ski  and  Schrodefi 
Mieschcr,  Kundig,  and  others,  it  appears  that  the  number  of  red  WckxI- 
corpuscles  in  a  healthy  man  with  a  normal  average  of  5^000,000  i>er 
c.mm.,  begins  to  increase  immediately  after  arrival  at  a  high  altitude. 
After  a  gradual  increase  for  ahnut  ten  or  fourteen  days,  a  new  average 
becomes  established.  This  is  iu  excess  of  the  original  average  in  accord- 
anc^e  with  the  difference  in  height  above  the  sea-level  between  the  ff>rmer 
and  the  present  habitation*  Moreover,  individuals  born  and  residing  iu 
olevated  n^gious  liave  a  physiologic  average  m  excess  of  that  seen  at 
sea-level,  and  this  av^crage  is,  as  a  rule,  somewhat  greater  than  that  seen 
in  the  acclimatized — i  e.,  those  who  reside  only  transiently  at  an  ele- 
vation. 

The  following  scale  shows  to  what  extent  increase  in  height  pro- 
duces a  deviation  in  the  Dumber  of  blood-corpuscles  from  the  normal 
average  (5,000,t)()0). 
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WHlCT, 

V.  jAnuilowski. 
Wo  I  IT  and  Koppe. 

Vkult. 


Place. 

Gtirbersdorf. 

BeiboldflgriiQ. 

Arosa, 


Height  above 
sea-level, 

661   TO. 

700  m. 
1800  m. 
4392  m. 


iBcreaae  aboul 

800,000 
1,000,000 
2,000»000 
3,000,000 


Exactly  tlie  oppo^site  is  .'^eeii  when  an  indi\'idual  with  this  high  cor- 
puscular count  descends  toward  tlie  sea-loveL 

Thk  highly  inter€>tiog  phenomenon  gave  rise  to  different  explana* 
tkms^  and  hyp^the^es.  The  ininie<liate  cause  wa.s  first  attribntetl  to  the 
leasened  pressure  of  the  higher  air.  Miesclier  especially  nmde  the  lack 
of  oxygen  a  specific  stimulus  for  a  new  formation  of  erythrocytes. 
Omitting  the  physiologic  improbability  of  such  a  rapid  and  comprehen- 
sive new  formation,  this  explauation  must  l>e  rejecteii  l>ecause  the  histo- 
logic picture  presents  do  p^o^3f  (i.  €■,,  excess  of  normoblasts),  Koppe 
directed  his  investigations  to  the  murphohigic  findings  during  acclima- 
tiasation,  and  demonstrated  that  two  processes  completely  independent 
of  one  another  may  Ije  ditlereiitiated.  He  fiiuud  simultaneously  with 
the  primary  increase  of  red  blood-disc^  numerous  jKoikilocytes  and 
micn^cytci*-  The  increase  therefore  may  Ik*  explained  by  the  coustric- 
tion  and  division  of  the  red  corpuscles  already  in  the  blood.  Ou  the 
basis  of  Ebrlich\s  explanation  of  poikilocytosis,  Koppe  sees  in  this 
process  a  physiologic  adaptation  to  the  lowcreil  pressure  of  the  air  which 
makes  the  taking  up  of  oxygen  more  difficult.  This  emfxarnissment  of 
the  function  of  the  hemoglobin  is  ti>  a  certain  extent  compensated  by  the 
exposure  of  a  greater  surface,  this  resulting  iu  increased  respiration.  It 
i^  thus  easily  underst<Kxl  why  with  tlie  primary  increase  in  corpuscles 
there  is  no  increase  in  the  jierceutiige  of  hcraoglnbin  or  in  the  entire 
volume  of  the  red  bloodK^orpuscles.  An  increasetl  formation  of  normal 
rwi  blood-corpuscles  first  occurs  during  the  second  process,  and  natu- 
mlly  requires  a  longer  perio<l  of  time  for  its  develo|>aient.  Correspond- 
ing to  the  degree  of  this  new  fnrmatiou,  the  poikilocytes  and  raicrocytes 
disappear,  so  that  eventually  w^e  have  a  blood  characterized  by  an  in- 
creased numl)er  of  normal  red  bl<xKlM:!orpuscle8  together  with  a  propor- 
tionate increase  in  benmglobin  and  in  volume  of  the  corpuscular 
elements. 

Other  authorities  assume  only  a  relative  and  not  an  absolute  increase 
of  red  blood-corpuscles.  E.  Grawitz  has  expressed  the  opinion  that 
the  increase  in  the  number  of  corjmscles  is  entirely  explained  by  an 
increased  concentration  of  the  blood,  the  result  of  an  increastxl  excre- 
tion of  water  at  these  heights.  Animals  experimented  ou  by  Gniwitz 
in   rarefied   air   seem    to   show    this,    yet   v.    Ijimbeck,   and   Schum- 
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burg  and  Zontz  eootcnd  that  if  the  loss  of  water  is  ?^o  great  as  to 
eiiuse  hiich  a  cojusiiltTiible  iiKTease  in  the  *-otiiitj  a  ri^rresponding  dimi- 
nntion  of  body  weight  should  be  evident,  Avhich  is  not  the  case. 

Schnnibiirg  and  Zuiitz  also  reg<ird  the  increase  of  red  blood-coq)U8- 
cles  on  high  mountaiDS  as  relative,  and  explain  it  by  an  altered  distri- 
bution of  the  corpuseiilar  elemeots  within  the  vaniadar  system.  Id 
prt^vions  investigations  Cohnstein  and  Zuotz  derat>rist rated  that  the 
nnmbrr  of  Id^KHl-corpuseles  in  the  cii|>i  liar  its  varies  with  the  dilatatioo 
of  the  ves!?t'I  and  the  rapidity  of  the  blond-stream  When  one  considers 
the  numenius  physiologic  inflnences  which  may  atfect  these  factors,  one 
must  inrhule  them  in  explaining  alterations  in  the  number  of  the  cor- 
puscle!?, iloreoverj  on  n?sidence  at  high  altitudes  new  factoid:  tnmie  in 
to  produce  changes  in  the  circulation  and  in  the  dilatation  of  the  vessels. 
Among  these  factors  may  be  mentioned  intense  light  (clear  atmcKsphere), 
lowering  of  the  temperature^  muscular  effort,  and  infrease<;l  activity  of 
respiration.  Considerable  alterations  may  therefore  occur  in  the  numlier 
of  the  red  blrw  id -corpuscles  in  the  capillary  blood  without  the  formation 
of  niicrocytes  and  without  formation  of  new  cells. 

The  contradicticm  in  those  two  views,  namely,  of  Grawitz  and  of 
Znntz  and  Scliumhurg,  finds  its  explanntion  in  the  fact  that  both  factors 
phiy  itujiortiint  roles  in  the  acute  changes^  though  they  liecome  less  con- 
spicuous the  longtT  the  residence  at  a  height  (Viault).  [Loez  '  also 
found  that  the  increa,se  of  corpuscles  so  conspienons  at  first  partially 
disiippears  in  two  or  three  years.  Natives  of  high  altitiules  stand  mid- 
way between  those  of  low  altitudes  and  newcomers  in  higlier  places  in 
the  number  of  rix^l  corpuscles.^— Ed.]  The  conclusion  theiTftire  seems 
probable  that  on  prolongwl  residence  in  a  high  region  the  nunilK^r  of 
re<l  blood-eorpnscies  increases  absolutely,  a  circumstance  of  consiilerable 
th era i>eu tie  importance* 

[Stengel  '  thinks  the  probable  explanation  of  the  changed  unnil>er 
of  corjinM'les  nmy  be  found  in  vasomotor  conditions  and  altered  distri- 
bution of  serum  and  cctrpui^cles  in  the  ciitudation. 

Abderhalden^  has  made  s<nne  studies  in  rats  and  guinea-pigs  to 
deter  nunc  the  effect  of  elevation  on  the  reil  corpuscles.  He  concluded 
that  the  increase  in  the  number  of  the  rcil  corjuLscles  is  not  due  to  in- 
creased formation  of  these  cells,  and  instances  as  proofs  of  this  view 
both  the  rapid  incresisc  of  the  erythrocytes  and  hemoglobin  in  a  high 
altitude,  ami    the   a  licence  of  any  signs  of  increasctl  formation  of  red 

*  PhthK  Mr^.  Jour.,  VJOO,  p.  1074. 

*  *'  The  Nnttire  jinrl  Vnneties  of  Anemia,*'  Jour.  Amtr,  MetL  AftaoTn^  July  34, 1897. 

*  Itwiug,  Dissert.,  Bu)*It?»  1902. 
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cells  in  a  high  altitude  or  destruction  of  these  cells  on  returning  to  a 
lower  level,  such  as  would  occur  if  there  were  active  destruction  of  cor- 
puscles. His  conclusion  is  that  the  theory  of  Bunge,  that  the  increase 
of  corpuscles  results  from  a  contraction  of  the  vascular  channels,  is 
correct. 

Campbell  and  Hoagland  ^  found  the  number  of  erythrocytes  increased 
about  50,000  for  each  1000  feet  of  elevation.  The  pulse-rate  keeps 
pace  with  the  change  in  the  blood,  and  they  refer  both  alterations  to  the 
vasomotor  disturbances  resulting  from  reduced  pressure.  The  lack  of 
increase  of  hemoglobin  corresponding  to  the  increase  in  the  number  of 
corpuscles  they  think  due  to  the  fact  that  the  preliminary  increase  in 
erythrocytes  is  only  apparent.  Later  there  are  an  actual  increase  in  red 
cells  and  a  corresponding  increase  in  hemoglobin. — Ed.] 

On  the  other  hand,  Graule,*  who  found  in  aeronauts  a  marked  in- 
crease in  the  red  corpuscles  to  8,800,000  at  an  elevation  of  4600  meters, 
and  a  decrease  in  the  hemoglobin,  concludes  that  this  is  due  to  a  new 
formation  of  red  corpuscles,  or  at  least  is  partly  due  to  a  new  formation 
of  red  corpuscles  and  partly  to  an  alteration  of  the  old  cells.  On  a 
second  ascension  he  could  demonstrate  pictures  of  altered  corpuscles 
such  as  are  ordinarily  observed  in  bone-marrow,  in  the  embryo,  and  in 
certain  diseased  conditions. 

In  addition '  to  altitude  the  influence  of  the  tropics  on  the  composi- 
tion of  the  blood,  especially  the  number  of  corpuscles,  has  been  studied, 
and  although  the  almost  regularly  pale  appearance  of  Europeans  in  the 
tropias  would  j)oint  to  alterations,  Eykmann  and  Glogner  found  none. 
Here,  too,  mere  changes  in  the  distribution  of  the  blood  seem  to  play 
the  principal  r6le. 

Less  reliance  can  be  placed  on  the  Thoma-Zeiss  and  allied  counting 
methods  in  anemic  than  in  normal  blood,  in  which,  generally  speaking, 
all  red  blood-cells  are  of  the  same  size  and  contain  the  same  amount  of 
hemoglobin.  In  anemia,  as  will  be  seen  later,  the  red  hlood-corpuscles 
are  very  dissimilar.  On  the  one  hand,  an  impoverishment  of  hemo- 
globin is  found  ;  on  the  other,  verj-  small  forms  which  may  pass  unn<)tice<l 
in  the  counting. 

Moreover,  omitting  these  extreme  forms,  1000  red  corpuscles  of 
anemic  bhxxl  would  by  no  means  correspond  in  their  i)hysiologie  capa- 
bility to  an  equal  number  from  normal  blood.  It  is  therefore  evident 
that  the  rral  value  of  the  number  of  the  re<l  blood-corpuscles  can  not 
be  estimated  apart  from  the  henioglobinometric  and  histologic  findings. 

'  Amer.  Jour.  Med.  Sci.,    11)01,  cxxii.,  0,  p.  Oo4. 

*  Avchiv.J.  d.  (jfif.  Phifsiol.j  1902,  Ixxxix.,  o  u.  4,  p.  119. 
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Bepnrated  froiri  tliese,  the  mere  count  may  lead  to  error,  especially  in 
pathologic  €<iiiLlition:s, 

Relative  Si^e  of  Red  Corpiiscles*^It  is  therefore  desirable 
at  times  to  supplement  the  re^iilt?^  of  the  count  hy  the  determination  of 
the  size  of  tlie  individn^il  retl  hhwxI-corpLisclo:^.  This  is  acconipHshed 
by  the  direct  measureiiK^nt  of  the  diameter  by  means  of  au  eye-piece 
micrometer,  which  can  be  employed  both  with  dry  (.see  below)  and 
nioi^t  preparations,  although  generally  employed  with  tlie  former  on 
account  of  the  greater  simplicity,  Still,  this  requires  a  eertiiin  amount 
of  careful  technie.  It  m  readily  seen  in  dry  preparations  of  normal 
blood  that  the  red  blwid-eorpuseles  ap|>ear  smaller  when  in  thick  layers 
than  when  more  distributed.  This  is  due  to  the  fact  that  in  the  thick 
layer  the  red  discs  are  surnvutide<l  by  strum  during  their  drying,  while 
in  thin  preparations  only  a  capillary  layer  of  serum,  attaching  them  to  the 
underlying  glixss,  is  present.  In  the  latter  case  the  drjaug  i>ccurs  almost 
instantaneously,  so  that  a  t'hange  of  form  or  size  can  not  cjccur,  while 
the  process  of  drying  in  the  thicker  jmrts  prf>cecds  more  slowly,  and  is 
thereby  more  likely  to  be  accompanied  by  shrinking, 

[The  size  of  the  re<I  corpuscles  may  be  *leterniined  by  accurate 
enumeration  and  estimation  of  the  bulk  of  corpuscles  in  a  given  bulk 
of  blood.  The  enumemtion  is  <^irried  out  by  the  ordinarj^  methods  ;  the 
l>ulk,  by  centrifugation  in  accurately  measured  pipets.  The  range  of 
error  is  necessarily  great. — ^E^,] 

Even  in  health  a  study  of  the  blocxl  will  show  slight  <liffercncefi 
in  the  individual  bl<KKl-<liscs.  The  normal  average  diameter  of  the 
broad  surface  is»  according  to  Laache,  Hay  em,  Schumann,  and  others^ 
in  males  and  females,  8,0  /i  (maxiumm,  9  /£ ;  minimum^  6.5  /i).  In 
anemic  blood  the  differences  between  the  individual  elements  is  much 
greater,  and  the  average  is  obtained  by  determining  the  maxima  and 
minima  of  a  large  numlicr  of  cells  seleeteil  at  random .  When  there  is 
a  high  degree  of  dissimilarity,  this  estimation  i<  ileviad  of  scientific 
value. 

Determination  of  the  Hemoglobin. — ^A^aluable  as  the  knowl- 
e<lge  of  thf  ahsotute  niind>er  4jf  rtd  blotid-corjvuscles  is  in  the  diagnosis 
of  disease,  it  tells  one  nothing  about  the  amount  of  hemoglobin  in  the 
bhTod»  which  is  ihe  det^isive  eriterion  of  the  degrtH_*  of  the  anemia.  For 
the  deU'rmiiiaiinn  of  the  hemoglobin  we  have  a  series  of  eltnicid  methods^ 
some  diret't,  as  tit*'  colt>rimctne,  others  indireef,  as  the  estimation  of  the 
spcK^ific  gravity,  tif  the  vohnne  of  the  nxl  |jl(X)d-oorp!isclefi,  and  of  the 
dry  residue  M'  tlu'  bl<HML 

Among  the  dirert   methods  will  be  mentioned  lirst  one  which  makes 
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no  great  claim  to  accuracy,  but  which  does  good  service  in  a  rapid  estima- 
tion at  the  bedside.  The  difference  in  color  between  anemic  and  healthy 
blood  can  be  recognized  more  readily  when  it  is  allowed  to  spread 
in  a  thin  layer  on  linen  or  filter-paper  than  when  one  merely  observes 
the  drops  issuing  from  a  finger-prick.  With  a  little  experience  one  can 
in  this  way  roughly  estimate  the  degree  of  the  existing  anemia.  If  this 
simple  method,  so  readily  carried  out  at  the  bedside,  were  commonly 
adopted,  it  would  contribute  much  toward  the  overthrow  of  the  popular 
diagnosis  of  "anemia."  Moreover,  in  neurasthenics,  who  frequently 
appear  anemic  and  persuade  themselves  that  they  are  so,  such  a  demon" 
straiio  ad  oculos  is  frequently  sufficient  to  convince  them  of  the  contrary. 

[Tallqvist  *  has  devised  a  simple  method  of  testing  the  quantity  of 
hemoglobin,  based  on  the  same  principle.  This  consists  in  the  compari- 
son of  a  color  scale  on  paper  with  the  color  produced  on  filter-paper  by 
the  application  of  a  drop  of  blood.  The  color  scale  is  arranged  in  a 
small  book,  and  consists  of  ten  distinct  sections  ranging  from  10  per 
cent,  to  100  per  cent.,  and  corresponding  approximately  to  the  Fleischl 
scale.  A  drop  of  blood  is  allowed  to  soak  the  edge  of  a  piece  of 
filter-paper  specially  prepared  and  fiirnished  with  the  booklet,  and  the 
stain  is  then  compared  with  the  colors  on  the  scale.  The  reading  must 
be  performed  in  daylight.  Accuracy  in  reading  may  be  enhanced  by 
cutting  a  small  circular  hole  through  each  of  the  sections  of  the  color 
scale  and  applying  the  test  back  of  this.  The  slightest  deviation  in 
color  can  then  be  readily  detected.  The  defects  of  this  method  are  that 
the  colors  are  not  constant,  and  that  the  variations  of  shades  in  the 
higher  percentages  are  so  slight  as  to  make  an  accurate  reading  practi- 
cally impossible. — Ed.] 

Among  the  instruments  for  measuring  the  coloring-matter  of  the 
blood,  "  Hoppe-Seyler's  colorimetric  double  pipet"  is  probably  the 
best ;  in  this  an  accurately  titrated  solution  of  carbonic-ox  id-hemoglobin 
ser\'es  for  comparison.  The  preparation  and  preservation  of  such  a 
standard  solution,  however,  are  attended  with  such  difficulties  that  this 
method  can  not  be  reckoned  among  the  clinical  ones  which  will  be 
considered.  Lately  Zangemeister,  a  pupil  of  Kiihne's,  has  proposed 
an  apparatus  for  colorimetric  purposes,  adaptable  for  hemoglobin.  It 
depends  on  the  principle  that  the  amount  of  coloriii^-niatter  can  be 
estimated  from  the  thickness  of  the  layer  required  to  make  the  trial 
solution  correspond  in  color  to  the  standard  solution.  He  employs  as  a 
standard  a  methemoglobin-glycorin  solution  made  from  lu)o:s'  blood.  As 
far  as  the  author  knows,  this  important  method  has  not  been  adopted 

»  Zeitschr.  f.  klin.  Med.,  1900,  Bd.  xl.  Ilefte  1  u.  2. 
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in  practice.  For  the  present,  the  mot?t  iL«:erul  metliwls  are  thfMse  in 
which  colored  ghiRs  or  solutions  which  retiiiu  their  vu\or  are  eni|>h.>yed 
as  standards.  There  are  a  large  number  of  these,  though  the  most 
commonly  usc<l  are  Fleischrs  **  hemometer/'  and  on  account  of  its 
low  price  Gowtrs'  **  hemoglohinometer."  B<ith  instruments  show  the 
jjerccntage  of  hemoglobin  in  comparison  with  normal^  and  are  for  prac- 
tical purposes  sufficiently  accurate  even  tlinugh  in  inexjierienceil  hands 
errors  of  10  f>cr  cent,  or  more  occur  (K.  H.  IMayer). 

[Dure  ^  has  devised  a  simple  and  reliable  instrument  having  the 
advantage  that  undiluted  blorxl  is  compared  with  a  disc  of  colored 
glass.  The  bloml  is  allowed  to  flow  lx*tween  two  small  plates  of  glass^ 
one  transparent  and  the  other  wliite  and  translucent.  The  color  of  this 
tilm  is  coin  pared  with  that  of  a  disc  of  wh^reil  ghiss,  which  may  he 
rotated  back  of  the  bloo<I-c*)ntaining  plates  and  in  front  of  a  candle  used 
for  illnmination.  Tlie  ease  of  operation  and  the  fact  that  the  examina- 
tion can  be  made  without  ejc elusion  of  surrounding  light  are  important 
advan  tiiges,^ —  Kl*.] 

Very  rei^enlly  Bternacki  objected  to  the  quantitative  estimation  of 
henioglolnn  by  the  colorimetric  methods  btH^anse  tire  cf»lf»ring  powxr  of 
tlic  blo*Ml  does  not  depend  alone  on  the  amount  of  liemoglobin  that  it 
contains,  but  also  on  the  staining  of  the  plasma  and  the  greater  or  less 
quantity  of  albumin  in  tlie  l)lood.  This  objection  is  valueless  as  far  a^ 
the  ap]iaratus(s  in  question  are  concerned,  since  the  bli>fMl  is  so  diluted 
with  water  th:it  the  <liHerenees  originally  i>resent  are  re<Iuce<l  to  ?*//, 

Among  the  indirect  mcthcxls  of  estimating  the  amount  of  hemoglobin 
that  which  determines  it  from  the  amount  of  irrm  in  the  hliMKl  may 
be  considered  quite  accurate,  since  hemoglobin  possesses  a  constant  per- 
centage of  iron  (0.42  per  cent*).  This  metlK>d  is  undoubtedly  justi- 
fial>le  ff^^  normal  blootl  in  which  there  is  a  ccmstant  proportion  betweeo 
the  hemoglobin  and  the  amount  of  inm.  A.  Jolks  recently  propos*^! 
an  apparatus  (**  ferrometer  *')  which  estimates  rapidly  and  exactly  the 
amount  of  iron  in  small  quantities  of  bloocL 

In  pathologic  cases,  however,  this  method  of  estimating  the  hemo- 
ghibin  is  n<*t  advisable.  If  anemic  blo<Ki  is  tcste<l  under  the  micro- 
8cof>e  with  pnq>er  reagents^,  an  iron  I'eaction  may  be  found  in  numerous 
reil  bloml-corpuseles^  which  shows  the  presence  of  iron  besides  that  which 
is  a  constituent  of  the  liemog|c*bin,  Moiviiver^  other  iron  may  be  con- 
tained in  the  raorplnflogic  elements,  even  the  white  blood-i>orpuscles,  in 
forms  not  ccrtiunly  demonstrable  as  ctmihinations  with  albumin.  Fur- 
ther, it  is  known  that  the  amount  of  inm  in  the  organs  is  incrcjised  in 
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aneraia  (Quincke)^  though  frequently  as  an  expression  of  increased 
destruction  of  hemoglobin  ("  debris  iron/'  "  spondogenous  iron  ").  The 
thought  naturally  arises,  too,  that  the  medical  administration  of  iron  may 
increase  the  amount  of  iron  in  the  blood  and  in  the  organs.  It  is 
therefore  evident  how  unsatisfactory  in  pathologic  cases  is  the  estimation 
of  hemoglobin  from  the  amount  of  iron. 

The  author  is  forced  to  insist  on  this  matter  on  account  of  the. 
very  strange  conclusions  arrived  at  by  Biernacki  from  making  the 
amount  of  iron  a  criterion  for  the  amount  of  hemoglobin  in  the  blood. 
He  found,  for  instance,  the  iron  quite  normal  in  two  mild  and  one 
severe  case  of  chlorosis,  and  jumped  to  the  conclusion  that  chlorosis — 
as  well  as  other  anemias — showed  no  diminution,  but  rather  a  relative 
increase  in  the  hemoglobin,  while  other  albumins  of  the  blood  were 
decreased.  Even  if  these  iron  estimations,  which  are  very  diflPerent  from 
those  of  other  investigators,  were  entirely  reliable,  which  could  be 
assumed  only  by  the  most  careful  repetition  of  the  experiments,  the 
broad  conclusions  drawn  by  Biernacki  were  unjustified.  Thorough  in- 
vestigations with  the  aid  of  JoUes'  ferrometer  would  be  desirable  in 
these  cases. 

Specific  Gravity. — Considerable  significance  has  long  been  attrib- 
uted to  the  specific  gravity  of  the  blood,  since  the  thickness  of  the 
blood  is  a  criterion  for  the  number  of  corpuscles  and  the  amount  of 
hemoglobin.  Numerous  experiments  in  this  direction  are  at  hand, 
since  in  late  years  two  methods  have  been  introduced  which  require  but 
little  material  and  are  not  too  com  plicated  for  practical  clinical  pur- 
poses. The  first  was  suggested  by  R.  Schmaltz,  and  consists  in  the 
weighing  of  small  quantities  of  blood  in  glass  capillary  tubes  ("  capillary 
pycnometric  method  ") ;  the  other  by  A.  Hammerschlag,  who,  varying 
the  principle  proposed  by  Fano,  experiments  till  he  finds  a  mixture  of 
chloroform  and  benzol  in  which  a  drop  of  the  blood  to  be  examined 
will  neither  rise  to  the  top  nor  sink  to  the  bottom,  in  other  words,  which 
accurately  represents  the  specific  gravity  of  the  examined  blood. 

From  the  investigations  of  these  and  numerous  others  who  have 
used  the  methods,  the  specific  gravity  of  the  blood  was  found  to  be 
normally  1058  to  1062,  or  on  an  average  1059  (in  women,  1056) ;  the 
specific  gravity  of  the  serum,  1029  to  1032,  or  an  average  of  1030. 
From  this  it  is  evident  that  the  red  blood-corpuscles  are  responsible  for 
the  greater  part  of  the  weight  of  the  blood.  Therefore,  if  they  lessen 
in  number  or  if  they  remain  the  same  but  lose  in  hemoglobin  or  volume, 
these  changes  will  produce  a  correspondint::  deiTease  in  the  specific 
gravity.     Consi'<|nently  one  would   expect  in   all  anemic  conditions  a 
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k'ssenwl  ^{KH?ilic  gravity.  Reversely,  with  increase  in  the  number  of 
corpuscles  or  n  higher  hemoglobin  content  there  is  an  increase  in  the 
thiekne^g  of  tlie  entire  blood. 

Hiimniersclila^,  from  a  large  series  of  exj>eriment.s,  Iia8  clemonst rated 
that  the  relation  between  the  specilic  gravity  and  the  amount  of  hemo- 
globin 18  much  closer  than  that  between  the  specific  gravity  and  the 
tiuniber  of  corj)Useles  ;  in  fuctj  the  former  is  so  constant  as  to  aljow  a 
graphic  repre-seutation  : 

HiM-rifU'  irniviiv  AaKitint  of  hemoglobin 

1033-1035 25-30  pc^r  t^ent 

103^>-1038 ,    ,    .    , 3(}-35 

1038-1040 ,  S5-40  « 

1040-1045 40^*^  " 

1045-1048 Ah-hh  " 

104^^1(^50 55-65 

1050-1053 6,T-70  « 

1053-1055 70-75  " 

105r>-1057 •   • 75-^5  " 

1057-lOGO 85^95  " 

In  a  very  recent  work  Dieballa  devoted  particular  attention  t^  these 
relations.  His  results  sometimes  ccmfirm  Haramerschlag's,  or  again 
supplement  them.  He  obtained!  from  his  comparative  estimations  an 
avemge  which  showed  that  differences  of  10  per  cent,  liemoglobin 
(Fleischl)  in  general  correspond  to  difierenoes  of  4,46  pro  mille  specific 
gravity  (Hannnerschlag's  methml).  Yet  with  exactly  similar  amounts 
of  hemoglobin,  diftereuces  lu  specific  gravity  up  to  13,5  pro  mille  are 
demonstrable^  and  these  deviations  are  greater  the  greater  the  amount 
of  hemoglobiji  in  tlie  blocKi  Regular  differences  exist  between  men 
and  women,  tlie  latter  sljowiug,  witli  au  equal  amount  of  hemoglobin, 
a  sixH:'ific  gravity  of  2  to  2.5  leas.  If  tlie  corre.spondenco  between  the 
number  of  rkI  blmxl -corpuscles  and  the  amount  of  hemoglobin  is  mark- 
eilly  disturlMxl,  tlie  influeotx^  of  the  stroma  of  the  red  disc  on  the 
si>ecific  gravity  is  noticeiible.  Dieballa  reckfjns  that  the  stroma  vnn  pro- 
duce differences  in  the  specific  gravity  of  4  to  5  pro  aiille  in  two  cases 
showing  the  sjime  amount  of  hemoglobin.  [Yarrow/  however,  found 
that  the  table  was  tpiite  accurate  when  used  with  reference  to  a  standard 
solution  of  lienn*globin  made  by  dissolving  13.77  gm,  in  normal  salt 
solution  to  make  lOG  gm. — Ed.] 

The  estimation  of  the  s|»ecific  gravity  is  therefore  frecjuently  suflB- 
cient  to  indicate  the  i\4ative  amount  of  hemoglobin.  In  nephritis  and 
cin^ulatory  disturhanct^s,  as  well  as  in  leukemia,  the  relation  between 
the  specific  gravity  and  tlie  amount  t*f  henmglobin  is  seriously  influ- 
enced by  other  facttjrs, 

»  Univ,  Mtd.  Map.,  lum 
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The  physiologic  fluctuations  of  specific  gravity  in  the  same  indi- 
vidual under  the  influence  of  the  introduction  and  excretion  of  fluid 
do  not  exceed  0.003  (Schmaltz).  From  what  has  been  said,  these  cor- 
respond to  the  fluctuations  to  which  the  amount  of  .hemoglobin  and  the 
number  of  corpuscles  are  subject,  and  come  into  existence  only  with 
them. 

Later  investigations,  especially  those  of  Hammerschlag,  v.  Jaksch, 
V.  Limbeck,  Biernacki,  Dunin,  E.  Grawitz,  and  A.  Lowy,  have  supplied 
an  omission  of  earlier  workers  in  that  besides  the  specific  gravity  of  the 
blood  as  a  whole,  they  have  studied  the  specific  gravity  of  at  least  one  of 
its  constituents,  namely,  the  corpuscles  of  the  serum.  All  are  unanimous 
in  the  view  that  the  red  blood-corpuscles  are  almost  exclusively  responsible 
for  the  fluctuations  in  specific  gravity  of  the  blood  as  a  whole,  partly  on 
account  of  their  fluctuations  in  number  or  changes  in  distribution,  partly 
on  account  of  their  chemic  instability,  namely,  loss  and  increase  of  water, 
and  fluctuations  in  the  amount  of  albumin.  The  fluid  of  the  blood,  on 
the  contrary — and  here  there  is  no  particular  difierence  between  plasma 
and  serum  (Hammerschlag) — shows  a  much  greater  constancy.  Even 
in  severe  pathologic  conditions  in  which  the  blood  is  specifically  much 
lighter,  the  serum  preserves  its  physiologic  composition  or  undergoes 
only  comparatively  slight  fluctuations  in  concentration.  A  great  de- 
crease in  specific  gravity  of  the  serum  is  much  less  frequently  observed 
in  specific  blood  diseases  than  in  chronic  diseases  of  the  kidney  and  cir- 
culatory disturbances.  Still  more  recently  E.  Grawitz  has  shown  that  the 
specific  gravity  of  the  serum  suffers  marked  decrease  in  certain  anemias, 
especially  the  post-hemorrhagic  and  those  due  to  inanition.  Despite  a 
few  contradictions,  it  is  evident  from  these  observations  that  in  a  scien- 
tific investigation  the  specific  gravity  of  the  serum  and  the  corpuscles 
should  be  correlated  with  that  of  the  entire  blood. 

A  method  closely  related  to  the  estimation  of  the  specific  gravity, 
introduced  into  practice  by  Stintzing  and  Gumprecht,  is  sometimes 
employ eil,  c^|K»cially  since  it  can  be  carried  out  with  small  quantities 
of  blood  such  as  frequently  must  be  made  use  of  in  practice.  This 
method  is  the  direct  estimation  of  the  dried  substance  of  the  blood, 
hygromometry.  Small  amounts  of  l)loo<l  are  received  in  small  weigh- 
ing-vessels, weighed,  dried  for  twenty-four  hours  at  6o°-70°  C,  and 
weighed  again.  The  figures  so  obtained  possess  a  certain  independent 
significance,  since  they  do  not  corres])ond  exactly  with  the  si>ecific 
gravity,  the  amount  of  hemoglobin,  or  the  number  of  corpuscles.  Nor- 
mally in  men  we  find  21.6  per  cent,  of  dry  residue;  in  women,  19.8 
per  cent. 
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Percentage  Volume  of  Red  Corpuscles. — ^A  further  indi- 
rect prrx'txlure  lor  obtairiiug  the  amount  of  heiiuiglobin  is  the  determi- 
nation  of  the  pei*centage  volume  of  the  red  corpuscles  in  comparison 
with  the  whole  hloqd.  For  this  a  methfxl  is  necessary  which  separates 
the  corpU8clej^  from  the  blood  in  an  unchanged  cctndition.  The  older 
methods  failcil  io  that  they  eitlier  reqyii"e<l  a  previous  defibrination  of 
tlie  blood  (which  is,  as  a  rule,  impossible  in  the  small  amounts  at  onr 
disjKJsal  in  practice),  or  the  addition  of  sodium  oxalate  or  other  t^ub- 
stiinces,  to  prevent  clotting.  Tlie  separation  of  tlie  two  constituents 
was  brought  about  by  simple  sedimentation  or  by  the  help  of  centri- 
fuges, especially  constructed  for  the  blood  by  Blik-Heiden  and  Gartner 

The  many  diluting  fluids  like  physiologic  salt  solution^  2.5  j>er 
cent,  potassium  bichromate  solutiiiu,  and  others  ai'e,  according  to 
11.  Koppe,  not  iudiflTcrcot  towanl  the  rc^l  blood-corpuscles,  and  a  solu- 
tion incapable  of  altering  the  cells  must  be  cs|KK*ially  prci>arcd  lor  every 
blood.  Considerable  attention,  therefore,  was  devoted  to  the  procedure 
of  M,  Herz,  in  which  the  coagulation  of  the  blixxl  in  tlie  pipet  is  pre- 
vented by  making  its  walls  absolutely  smooth  by  n jeans  of  cfxl liver  oil. 
This  prtXM/ilure  lias  been  nKxljIicd  somewhat  by  Koppe»  He  fills  his 
very  practical  pipet,  after  careful  cleaning,  with  cedar  oil,  and  then 
draws  up  the  bhx>d  issuing  from  the  finger  wound,  whieh,  forcing  the 
oil  before  it,  remains  fluid  on  account  of  coming  in  contact  with  per- 
fectly smooth  walls.  With  the  aid  of  his  mcHlified  centrifuge  the  oil, 
aa  a  lighter  substance,  is  completely  removed  from  the  blood  and  the 
plasma  sepiiratc^l  from  tlie  coqiuscles.  Three  sharply  liniited  layers 
are  tlms  pHxiucetil,  namely,  a  layer  of  oil,  of  plasma,  and  of  reil  blof>d- 
corpuscles.  Since  the  ay»panitus  is  gniduatod,  the  volume  of  phusma 
and  corpuscles  c^ui  at  once  be  read  oft*.  Microscopically  the  corpuscles 
arc  found  unaltered. 

Though  this  pnicednre  apjiears  difllcult,  it  is  the  only  one  from 
which  chnieal  pathology  has  anything  to  exjiect  Koppe's  results, 
though  rather  limited  in  numlx^r,  show  the  entire  volume  of  the  red 
blixxl-corpuscles  to  l>e  51.1  U)  54.8  ]>er  cent.,  or  on  an  average  52,6 
per  cent. 

51.  and  L.  Blcibtreu  endeavored  in  an  indirwt  way  to  determine  the 
reflation  of  the  volume  of  the  red  bliMMl-n>rpuselcs  to  that  of  the  plasma. 
They  made  diHer^-nt  mixturf\s  of  blrHKl  with  ]>hysiologie  salt  solution, 
determined  in  each  the  jxTct^ntiige  of  nitmg*-^n  in  the  fluid  separated 
from  the  (^>r|)uscles  by  stxli mentation,  and  with  the  aid  i*f  these  c<im- 
parativc  quantities  estimated  the  volume  of  blood-serum   and  of  red 
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blood-corpuscles.  Omitting  the  fact  that  dilution  of  the  blood  with 
salt  solution  is  necessary^  this  method  is  too  complicated  and  requires 
too  large  amounts  of  blood  to  be  practicable  in  the  clinic.  Th.  PfeiflPer 
endeavored  to  employ  it  in  selected  cases  without  so  far  obtaining  very 
definite  results.  Moreover,  the  relation  between  the  percentage  volume 
of  red  blood-corpuscles  and  the  amount  of  hemoglobin  is  by  no  means 
constant,  as  is  proved,  for  instance,  by  the  circumstance  that  in  acute 
anemia  an  '^  acute  swelling '^  of  the  individual  red  blood-discs  (M. 
Hertz)  occurs  which  could  produce  an  increase  in  volume  without  a 
corresponding  increase  in  the  amount  of  hemoglobin.  This  is  also  seen 
from  the  recent  observations  of  v.  Limbeck,  who  found  a  considerable 
increase  in  the  volume  of  the  red  blood-corpuscles  in  catarrhal  jaundice, 
due  to  influence  of  the  salts  of  the  biliary  acids. 

As  the  writer  has  several  times  declared,  the  estimation  of  the  hemo- 
globin is  the  most  important  criterion  for  the  severity  of  an  anemic  con- 
dition. The  investigations  of  the  blood  which  indicate  neither  directly 
nor  indirectly  the  amount  of  hemoglobin,  are  of  interest  only  in  as  far 
as  the  pathogenesis  of  special  cases  is  concerned.  Among  these  we 
have  the  estimation  of  the  alkalinity  of  the  blood,  which,  in  spite 
of  extensive  observations,  is  so  far  of  no  significance  in  the  pathology 
of  blood  diseases. 

Coag^ulability  of  the  Blood.  — An  estimation  to  which  perhaps 
more  attention  will  be  devoted  than  has  yet  been  given  it  by  the  clini- 
cian, is  that  of  the  rapidity  of  coagulation.  Good  comparative  results  are 
obtained  by  the  aid  of  Wright's  convenient  "  coaguloraeter.''  In  cer- 
tain conditions,  especially  in  the  acute  exanthemata,  and  different  forms 
of  the  hemorrhagic  diathesis,  the  time  of  coagulation  is  decidedly  length- 
ened, even  to  possible  failure  of  coagulation.  In  other  conditions  there 
may  be  an  evident  hastening  of  coagulation  in  comparison  with  the  nor- 
mal. Moreover,  Wright  determined,  in  his  excellently  carried  out 
investigations,  that  an  influence  may  be  exercised  by  medicaments :  for 
instance,  calcium  chlorid  and  carbonic  acid  increase,  citric  acid,  alco- 
hol, and  rapid  respiration  diminish  the  coagulability. 

A  condition  recently  described  by  Hayem  probably  stands  in  close 
relation  to  this  change  of  coagulability.  He  discovered  that  in  spite 
of  coagulation  a  separation  of  the  serum  from  the  clot  some- 
times fails  to  occur,  or  occurs  to  only  a  slight  degree.  He  found  this 
condition  in  purpura  haemorrhagica,  protopathic  pernicious  anemia, 
malarial  cachexia,  and  several  infectious  diseases.  For  these  investiga- 
tions large  amounts  of  blood  are  necessary,  which  are  not  at  our  dis-r 
posal  in  practical  work.  Certain  precautions,  learned  by  experience  in 
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amount  of  s^eriini  Ix*  as  large  as  poH^ible.  For  instance,  the  blood 
ghoidd  be  caught  in  liigh  vessels  that  have  been  carefully  cleaned  and 
freed  from  every  trace  of  fat*  If  the  clot  dw??;  not  spin taneou sly 
retract  at  once,  it  must  be  loosened,  without  breaking  it,  with  a  flat, 
pa[K*r-knife-like  instrument,  from  the  side  of  the  glass.  If  no  separa- 
tion results  in  the  cold,  the  blood  may  be  put  into  an  incubator. 

In  spite  of  every  artificial  contrivance  and  care  it  now  and  then 
hap|K*ns  under  pathologic  conditicjns  that  not  a  tra<"e  of  serum  is  r>b- 
tiiined  from  a  large  amount  of  blood.  So,  for  instance,  Ehrlich  obtained 
scarcely  100  c.c.  of  serum  from  22  kg.  of  horse  blcKxl  after  the  animal 
had  Ix-cn  bled  on  account  of  tetanus,  though  the  animal  had  previously 
furnislicd  an  extraordinary  amount  of  diphtheria  serum, 

A  conspicuous  r6le  in  the  study  of  blood  diseases  will  possibly 
yet  be  attribiite^l  to  these  phenomena.  Hayem  even  now  proiwses 
defective  scrum  Ibmiatiun  as  a  differential  point  between  proti^pathic 
j)ernicious  and  other  severe  anemias,  and  asserts  that  it  is  an  uofevor- 
able  prognostic  sign  wlien  this  phenomenon  is  observed,  for  instance, 
in  cachectic  conditions. 

Mention  has  still  to  lie  made  of  several  methods  which  show  the 
resistance  of  the  red  blood-corpuscles  to  external  injuries  of 
various  kiuds^ 

Landuis,  Hamburger;  and  v*  Limbeck  determine,  for  example,  the 
concentration  of  the  salt  solution  required  to  preserve  the  red  bkxKl- 
coi-puscles  ("  isotonic  concentration,"  Hamburger),  and  that  which 
removes  the  hemoglobin  from  the  stroma.  The  erythrfKiyteis  are  the 
nifuv  resistant  the  less  the  concentratiun  rcfjuired  to  preserve  them. 

I^iker  determines  the  resisting  power  of  the  red  blood-Ofirpuscles  to 
elcf^tric  tlischarges  from  a  lA*yden  jar,  and  measures  it  according  to  the 
nnmi»cr  of  discharges  which  prove  innocuous. 

Cliniciil  medicine  has  so  far  obtained  but  little  from  these  methods. 
This  only  is  assural,  that  in  certain  diseases  like  anemia,  hemoglobin- 
uria, and  many  intoxications,  the  resistance  of  the  red  blood-corpuscles 
measun^i  l)y  these  means  is  decidedly  decreased. 
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METHODS  OF  EXAMINATION 

A  GLANCE  into  the  history  of  the  microscopy  of  the  blood  shows  that 
it  is  divisible  into  two  periods.  In  the  first  period,  which  is  especially 
characterized  by  the  work  of  Virchow  and  Max.  Schultze,  a  number 
of  positive  facts  were  collected,  particularly  in  relation  to  the  different 
forms  of  leukemia,  but  an  interruption  soon  occurred  which  continued 
throughout  a  decennium  on  account  of  the  fact  that  the  investigations 
were  limited  to  the  examination  of  the  fresh  blood.  All  that  was  to 
be  learned  by  this  simple  method  was  completely  exhausted  in  a  short 
time  by  the  zeal  of  the  investigators.  That  this  method  was  inade- 
quate is  most  readily  seen  from  the  history  of  leukocytosis,  which  con- 
dition was  referred  by  Virchow  to  an  increased  production  of  leuko- 
cytes by  the  lymph-glands,  and  from  the  uncertain  differentiation  of 
leukocytosis  and  beginning  leukemia,  which  was  based  almost  exclusively 
on  the  estimation  of  the  number  of  white  corpuscles.  The  histology 
of  the  blood  entered  on  its  second  period  after  Ehrlich's  introduction 
of  the  new  methods  of  examination  of  stiiined  preparations.  To  these 
methods  we  owe  the  accurate  differentiation  of  the  different  kinds  of 
white  blood-corpuscles,  the  rational  differentiation  of  leukemia  and  of 
polynuclear  leukocytosis,  and  the  knowledge  of  the  signs  of  degenera- 
tion and  regeneration  in  the  red  blood- corpuscles.  In  the  study  of  the 
blood,  therefore,  the  same  advance  took  place  as  in  the  other  chapters 
of  normal  and  pathologic  histology,  namely,  a  marked  increase  in 
knowledge  with  improvements  in  technic.  It  is  consequently  difficult 
to  understand  how,  at  the  present  day,  a  writer  can  recommend  a  return 
to  the  old  methods,  declaring  that  the  diagnosis  of  any  case  is  possible 
from  the  examination  of  the  fresh  blood  alone.  This  is  undoubtedly 
no  great  feat  in  the  majority  of  cases,  since  the  most  important 
points  have  now  been  made  clear  by  the  new  methods.  Still,  for 
more  difficult  cases  (for  instance,  the  early  diagnosis  of  malignant 
lymphoma,  of  certain  rare  forms  of  anemia,  etc.)  the  stained  prepara- 
tion is  indispensable.     Moreover,  it  may  be  added  that  the  purpose  of 
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a  hlotyd  exam i tuition  is  not  the  makiug  of  a  rapid  diagnosis,  but  the* 
exact  invej^tigatioii  of  tho  l>Io<Kl-pii'ture  in  all  its  iJetjiilsy  and  this  can 
not  be  done  with  iiiustainiMj  bkw^L  The  only  standpoint  possible  today 
is  that  ever}'thing  which  can  l>e  seen  in  the  fresh  prei*aratioD* — except- 
ing the  elinicidly  unimportant  rouleaux  formation  and  ameboid  mivve- 
nient — can  be  studicil  tnucli  lietter  in  the  stained  preparation,  while 
in  addition  tliere  are  many  im^jortant  details  which  become  visible 
only  in  the  latter. 

As  far  as  the  mere  pnicticid  teehnie  h  concerned,  the  examination 
of  stainetl  pi'ejxi rations  is  undoubtedly  much  less  trunblesome.  It  lcave.s 
one  entirely  iiideiKTidcnt  as  to  place  and  time  of  examination.  The 
dried  blo<«i  can,  with  slight  preeantions,  be  j>reservcd  for  months  Ix'fore 
ap|>lying  further  niieroscopic  technic.  The  examination  may  extend 
over  any  length  of  time,  and  may  be  repeated  at  wilb  The  study  of 
the  fresh  bltxKl,  on  the  contrary,  must  be  made  at  the  bedside,  and  on 
acccnnit  of  the  alterations  in  the  blotwl,  ek>tting,  disturbances  of  the 
white  bloml-corpusirles,  etc,,  it  must  be  exam! net!  so  quickly  that  a  thor- 
ough investigation  is  impossible.  When  wc  add  to  this»  that  the  method 
of  staining  the  dricHl  |>repamtion  is  one  of  the  most  simple  in  clinical 
histology^  it  Ls  no  more  than  right,  in  the  ioterest  of  itij  further  dissemi- 
nation^  to  describe  it  thoroughly. 

We  must  likewise  not  foi^et  t!ie  employment  of  the  dry  preparation 
in  the  determination  of  the  numerical  relation  of  the  red  tt>  the  white 
blotxl-cor[*useles,  and  nf  the  white  blixxl- corpuscles  to  one  another. 

For  these  determinations  faultlessly  made  and  regularly  spread  prep- 
arations are  an  abf^ohitc  essential.  Moreover,  we  require  s  (pi  a  re  ocular 
blends  (Ehrlieh-Zeiss)  which   present  a  section  the  sides  of  which  are 

1:2:3 :  1 0,  and  the  whole  section  1:4:9......: 

100 ;  or  the  more  satisfactory  "  ocular^*  made  by  Leitz  from  Ehrlich*s 
instructions,  in  which  a  central  square  field  of  known  profxirtions  is 
readily  obt^nncfl  ljy  a  bandy  meehanij^m.  A  normal  preparation,  for 
instance,  is  studied  as  follows  :  The  white  blood-corpuscles  are  ccmnted 
in  any  section  made  by  the  blend  nimiber  10  (ocular  section  100),  and 
without  moving  the  field,  the  oenlar  blend  numlK^r  1-2  comprehending, 
therefore,  only  the  one-bund n^lth  part  of  the  former,  is  set  in  place  and 
the  red  blood-corpuscles  counted.  The  prt^paration  is  then  moved  and 
the  nnl  1>l(XKl-cnrpns4?les  rei>eatc<lly  counted  in  a  section  one-one-hun- 
drcdth  or  one-twenty-fifth  that  of  the  whites.  Alwntone  himilred  such 
counts  are  made  in  one  prejMration.  The  sum  of  the  reds  is  then  mul- 
tiplier! by  lOO  and  the  projxirtion  of  this  figure  to  the  sum  of  the  whites 
is  determined.     If  the  white  blood-eorpu?*eles  are  very  nnmen>us,  so 
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that  the  oouDting  of  every  one  in  a  large  field  is  too  troublesome,  one 
of  the  smaller  ocular  sections,  81,  64,  49,  etc.,  is  taken. 

The  determination  of  the  percentage  proportion  of  the  differejit 
leukocytes  Ls  made  by  counting  and  classifying  several  hundred  cells,  a 
matter  which  the  expert  can  complete  in  less  than  a  quarter  of  an  hour. 

PREPARATION  OF  A  DRIED  SPECIMEN. 

Primary  essentials  in  the  preparation  of  perfect  specimens  are  cover- 
glasses  of  a  special  quality.  These  must  not  be  thicker  than  0.08  to  0.10 
mm.,  must  not  be  rough  or  loamy,  and  must  bend  easily  without  breaking. 
The  slightest  inequality  renders  them  unsuitable.  They  must  be  carefully 
cleaned,  and  especially  every  particle  of  fat  must  be  removed.  It  is  ordi- 
narily sufficient  to  place  them  separately  in  ether  for  about  half  an  hour, 
and  to  wipe  them  dry,  while  still  moist  with  ether,  with  a  piece  of  soft  linen 
free  from  lint  or  with  Jose&paper.  Following  this  they  are  placed  for  sev- 
eral minutes  in  alcohol,  are  dried  as  before,  and  are  then  preserved  in  dust- 
proof  glass  vessels  till  wanted.  When  it  is  remembered  that  these  cover- 
glasses  are  cut  in  oil,  it  is  evident  that  only  when  so  prepared  will  a  capil- 
lary s()ace  be  formed  between  them  in  which  the  blood  can  readily  spread, 
and  only  then  can  they  be  readily  drawn  apart  from  one  another  without 
the  employment  of  an  injurious  force. 

In  order  to  prevent  soiling  the  cover-glasses  anew,  and  especially  to  pre- 
vent the  contact  of  the  blood  with  the  moisture  from  the  finger,  the  cover- 
glasses  are  held  in  forceps  while  taking  the  blood.  For  the  under  cover- 
glass  the  writer  recommends  a  sliding  forceps  with  smooth  broad  arms, 
the  ends  of  which  are  covered  for  about  3  cm.  with  leather  or  filter-paper ; 
for  the  other  a  very  light  pen-like  forceps,  with  smooth  arms  of  almost 
knife-like  sharpness  anteriorly,  by  means  of  which  a  cover-glass  may  be 
readily  picked  up  from  a  smooth  surface.  The  under  cover-glass  is  now 
seized  by  the  margin  in  the  sliding  forceps  and  held  ready  in  the  lefl  hand ; 
the  right  hand  brings  the  cover-glass  in  forceps  in  contact  with  the  drop 
of  blood  without  allowing  it  to  touch  the  finger.  This  cover-glass  is  then 
quickly  but  lightly  placed  on  the  other,  when  the  drop  spreads  in  an  even 
capillary  layer.  The  margin  of  the  upper  cover-glass  is  now  seized  with  two 
fingers  of  the  right  hand  and  carefully  slid  off  the  under  one  without  pressure 
or  elevation.  Often  only  the  under  one  shows  a  completely  regular  distribu- 
tion, though  sometimes  both  are  serviceable.  While  drying  in  the  air, 
which  takes  from  ten  to  thirty  seconds,  the  preparations  must  naturally  be 
protected  from  moisture  (for  instance,  from  the  breath  of  patients  standing 
near). 

How  much  of  the  surface  is  covered  depends  on  the  size  of  the  drop :  the 
smaller  the  drop,  the  smaller  naturally  the  surface  of  distribution.  Too 
large  drops,  causing  one  cover-glass  to  swim  on,  rather  than  adhere  to,  the 
other,  are  useless. 

Though  the  written  description  of  these  manipulations  may  appear  some- 
what complicated,  but  little  practice  is  required  to  perform  them  with  dex- 
terity and  accuracy.  The  author  has  repeated  the  tech nic  so  exactly  because 
he  has  frequently  seen  preparations  technically  unsatisfactory  although  made 
by  investigators  who  were  specialists  in  hematology. 

After  the  preparations  are  entirely  dry  they  are  preserved  between  layers 
of  filter-paper  in  well-closed  vessels  till  wanted.     In  important  cases,  when 
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it  is  desirable  to  preserve  the  preparations  for  a  long  time,  it  h  recom- 
mended to  protect  gome  of  I  be  sjiet'imens  from  atmospheric  influence's,  by 
covering  them  with  a  layer  of  paraffin.  In  this  cnse,  previous  to  further 
manipulation  the  paraffin  covering  must  Ije  dissolved  off  with  toluoL  The 
preparations  mus<t  miturully  lie  preserved  in  the  dark. 


FIXATION  OF  DRY  PREPARATIONS. 

All  the  nictbocls  of  .statu ing  reciuire  a  previous  fixation  of  the 
albumin  of  the  bliMRU  A  general  method  of  fixation  can  not  be  given^ 
since  it^i  intensity  must  be  made  deiJendent  on  the  staining  methods 
selci^ted.  For  sUiining  by  simple  watery  solutions — r,  ^9.,  triacid  solu- 
tion— a  comparatively  slight  degree  of  fixation  is  sufficient,  and  this  may 
be  obtained!  by  a  short  cxptxsure  to  different  agents.  In  the  case  of 
other  methods  in  wliich  strong  acid  solntions  or  those  containing  a  free 
alkali  arc  employed,  it  is  necessary  to  fix  the  structure  by  much  stronger 
agents,  though  even  here  a  warning  must  be  given  against  excess.  On 
account  of  the  small  number  of  staining  solutions  it  is  easy  to  determine 
the  optimum  for  each. 

The  iVjIlowing  are  the  common  methods  of  fixation  : 

Dry  Heat, — A  simple  copper  plate  on  a  tripod,  under  one  end  of 
which  a  Bun^eu  flame  burns,  is  eniployctl.  After  heating  some  time 
a  certain  cYiustancy  in  the  temperature  of  the  plate  is  obtained,  the 
portion  nearest  the  flame  l^eing  naturally  the  hottest,  that  furthest  away 
least  warm.  By  dropping  on  water,  toluol,  xylol,  etc,,  it  is  easy  to  de- 
termine the  [HJint  at  which  the  plate  shows  the  boiling  temperatures  of 
these  fluids, 

Vidor  Maifcr^s  apfxiratnSf  commonly  used  by  chemistis,  is  much 
more  practiced.  Suitably  modified  t*>  our  puriwjso,  this  consists  of  a 
small  copper  kettle,  the  lid  of  which  makes  a  clipper  plate  which  is 
penetrated  only  by  an  opening  for  the  steara  pijxn  If  small  amounts 
of  oil  of  tolu  arc  allowinl  to  boil  in  tins  kettle  for  several  minutes,  the 
Cf>pper  plate  will  be  found  to  take  on  a  temperature  of  107"^  to  110^  C 

For  ordinary  staining  (by  watery  solutions)  it  is  sufficient  to  expose 
the  prepanitions  dried  in  the  air  to  a  temperature  of  alwut  110®  C,  for 
onc-bulf  to  two  minutes;.  For  other  staining  mixtures — (".  f/.,  eosin- 
aurdntia-nigrosin — a  fixation  of  one  to  two  hours  or  a  higher  tempera- 
ture is  rec|uired* 

Chemic  Agents.— (/O  According  to  Nikifonjff,  a  good  triacid 
stain  may  \Hi  obtained  after  hartlening  the  preparation  for  two  hours 
in  a  mixture  of  equal  parts  of  ahmhde  alcohol  ami  etha\  Still,  such 
preiiarations  do  not  reach  the  perfection  of  those  fixed  by  heat. 

(6)  AbHolute  alcohol  fixes  the  dried  preparation  within  five  minutes 
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sufficiently  to  stain  with  Chenzinsky's  fluid,  or  hematoxylin-eosin  solu- 
tion. In  some  cases  where  it  is  necessary  to  make  the  examination 
rapidly,  it  is  of  advantage  to  boil  the  preparation  one  minute  in  absolute 
alcohol  in  a  watch-glass. 

(c)  Formal  in  a  1  per  cent,  alcoholic  solution  was  first  employed  by 
Benario  for  the  fixation  of  blood  preparations.  Fixation  is  sufficiently 
complete  in  one  minute  to  show  the  granulations.  Benario  recommends 
this  method  especially  when  staining  with  hematoxylin-eosin. 

It  is  unnecessary  to  state  that  these  methods  are  described  as  the 
most  suitable  only  for  general  blood  examinations.  For  special  pur- 
poses, for  instance,  the  illustration  of  mitoses,  blood-platelets,  etc.,  other 
methods  of  fixation,  as  sublimate,  osmic  acid,  Flemming's  solution,  etc.^ 
are  more  serviceable. 

STAINING  OF  DRY  PREPARATIONS. 

The  different  stains  can  be  classified  according  to  the  purpose  for 
which  they  are  employed. 

We  turn  first  to  those  which  produce  rapid  pictures  suitable  for 
general  study ;  in  other  words,  dyes  which  stain  simultaneously  the 
hemoglobin  and  the  nuclei  (hematoxylin-eosin,  hematoxylin-orange). 

Again,  a  stain  is  desirable  which  brings  out  a  particular  variety  of 
cell,  for  instance,  eosinophiles,  mast-cells,  bacteria.  This  is  called 
**  single  staining,"  and  is  produced  by  decolorization  (see  E.  Westphal). 

Finally,  we  have  the  panoptic  stain — that  is,  one  which  stains  a 
large  number  of  elements  in  different  tints.  This  method  is  of  particu- 
lar utility  for  a  complete  investigation.  When  in  addition  the  prepara- 
tion is  studied  by  the  strongest  powers,  we  are  able  to  analyze  it  with  a 
thoroughness  othe^^vise  impossible.  In  order  to  make  a  complete  differ- 
entiation we  should  not  be  content  with  double  staining,  but  should 
employ  at  least  three  different  stains.  Formerly  this  was  accomplished 
almost  exclusively  by  successive  staining,  yet  any  one  who  has  tried 
this  method  appreciates  the  difficulties  in  obtaining  constant  results 
even  after  the  closest  observance  of  the  prescribed  details  in  regard  to 
the  duration  of  the  staining  and  the  concentration  of  the  solutions. 

In  contrast  to  the  above  the  method  of  simultaneous  combined 
staining^  is  technically  simple,  and  its  advantages  have  been  demon- 
strated. Since  there  is  considerable  obscurity  surrounding  its  principle, 
the  details  of  the  theory  of  differential  simultaneous  staining  will  be 
briefly  given. 

For  this  purpose  a  very  simple  example  will  be  discussed,  namely, 
the  employment  of  picrocarmin — that  is,  a  mixture  of  neutral  ammonio- 
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carmin  and  a  picric  acid  salt.  If  tii?sue  rich  in  protoplasm  is  stained 
with  this  carmin  .^ohjtion,  t!ie  o^irniin  is  found  to  jstain  prt4ty  diffusely, 
though  the  nuclei  stand  out  proniiuently.  Still,  if  an  ecjually  ooncen- 
trated  sohition  of  picric  acid  ammonia  is  added,  the  staining  l)€eomes 
much  more  distinct  in  that  certain  parts  are  pure  yellow,  others  pure 
re<l.  The  l>est  example  is  the  staining  of  muscle  l>y  j>ierocarmin,  when 
the  muacle-fiubstance  appears  yellow,  the  nuclei  rwL  If,  however^ 
in,stead  of  the  picric  acid  ammonia  another  nitro  stain  is  added  which 
contains  more  of  the  nitm  groups  than  tLie  picric  acid,  for  instance, 
the  ammonium  salt  of  hexanitrodiphenylamin,  the  carmin  fails  to  stain 
and  all  jmrLs  take  an  orange  color,  entirely  independently  of  the  dura- 
tion of  the  staining.  Thr  explanation  of  this  is  not  difficult.  Myosin 
has  a  greater  affinity  for  i>icric  acid  unimonia  than  for  carmin  salts, 
and  from  a  mixture  of  both  components,  therefore,  takes  to  itself  the 
yeUow  coloring-matter.  At^er  this  com1)ination  it  is  imjwssible  for  the 
carmin  to  act*  The  nuclei^  on  the  contrary,  have  a  greater  affinity  for 
carmin,  and  stain,  therefore,  pure  red.  But  if  a  nitro  stain  is  addetl  to 
the  carmin  solution  which  has  a  greater  chemic  affinity  for  all  tissues, 
nuclei  included,  the  effectiveness  of  the  carmin  is  reduced  ;  and  if  a 
very  strong  nitro  body,  a  hexanitrt*  combination,  is  added,  the  action 
of  the  carmin  complet4?ly  di^^pix^an*.  Connective  tissue,  bone,  and 
similar  tissues  hehave  very  differently  to  mixtures  of  pienx^rmin,  in 
thtit  in  these  cas<\s  the  difluse  staining  is  entirely  dependent  on  the  con- 
centration (or  dilution)  of  the  carmin,  and  is  not  at  all  influenced  by  the 
chemic  contrast-stains.  This  method  of  staining^  therefore,  must  lie 
regardtnl  not  as  a  chemic  combination,  but  as  a  mwhanical  attraction  for 
the  sfciin  on  the  i>art  of  the  tissues.  Consequently  chemic  staining  may 
be  described  as  that  in  which  the  tissues  nmct  to  chemic  contrasts,  and 
mechanicid  staining  in  which  they  react  to  physical  mtKlitications,  This 
statement  naturally  presupfMjses  that  we  are  dealing  witti  pure  neutral 
stains,  and  it  excludes  all  additions  like  alkalis  and  acids  which  change 
the  chemic  behavior  of  the  tissue,  as  well  as  such  as  increase  or  decrease 
the  affinity  of  the  stain  for  the  tissue*  The  result  of  this  is  that  any 
successive  double  staining  can  Ix*  replaced  by  a  combination  stiining 
if  the  chemic  nature  of  the  prcK-ess  is  determined,  in  cK>ntrast  to  the 
double  staining  brought  about  by  mechanical  factors  which  can  be 
acconiplisljeiil  only  by  successive  staining. 

In  the  staining  of  dry  blood  prcpiratitms  pure  chemic  prticesses  are 
concerned,  and  it  is  ci>nset|uently  jxjssihle  in  every  case  t4>  employ  the 
polych  room  tic  combinaticm  stains. 

The  following  combinations  may  be  employed  in  staining  the  blood : 
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1.  Ck>mbination'Staining  with  Acid  Stains. — The  best  known  example 
is  the  eosin-aurantia-nigrosin  mixture^  with  which  the  hemoglobin  is 
stained  orange^  the  nuclei  blacky  and  the  acidophile  granulations  red. 

2.  Mixtures  of  Basic  Stains. — It  is  a  simple  matter  to  compound  a 
stain  from  two  basic  stains.  As  especially  suitable  niay  be  mentioned 
fachsin^  methyl-green,  methyl-violet,  methylene-blue.  The  compound- 
ing, however,  of  a  mixture  from  three  basic  stains  is  somewhat  difficult, 
and  requires  careful  attention  to  quantitative  proportions.  For  such 
mixtures  fuchsin,  Bismarck-brown,  and  chrome-green  may  be  employed. 

3.  Neutral  Mixtures. — These  were  introduced  into  hematology  by 
Ehrlicb,  have  recently  come  to  play  an  important  r6le  in  general  his- 
tology, and  deserve  therefore  more  detailed  consideration. 

Neutral  staining  depends  on  the  fact  that  almost  all  basic  stains 
(t.  €.,  salts  of  the  basic  stains,  for  instance,  acetic  acid  rosanilin)  combine 
with  acid  stains  (t.  e.,  salts  of  the  acid  stains,  for  instance,  picrate  of 
ammonium),  and  make  what  may  be  characterized  as  neutral  stains, 
like  picric  acid  rosanilin.  Their  employment  is  rendered  more  difficult 
on  account  of  the  fact  that  they  are  but  slightly  soluble  in  water.  They 
became  practical  only  after  Ehrlich  had  found  that  certain  series  of  the 
neutral  stains  were  readily  soluble  in  an  excess  of  the  acid  stain,  which 
made  it  possible  to  obtain  stable  solutions  of  any  concentration.  Among 
the  basic  stains  suitable  may  be  mentioned  especially  those  which  contain 
the  so-called  ammonium  group,  particularly  methyl-green,  methylene- 
blue,  amethyst-violet  (tetraethyl-safranin-chlorid),  and  to  a  certain  extent 
pyronin  and  rhodamin.  In  contrast  to  these,  with  the  exception  of 
methyl-green,  the  members  of  the  triphenylmethan  group,  for  instance, 
fuchsin,  methyl -violet,  Bismarck-brown,  phosphin,  indazin,  are  gener- 
ally less  suitable  for  this  purpose.  Among  the  acid  stains,  it  is  es|x»- 
cially  the  readily  soluble  salts  of  the  p<)lysulj)ho-acids  which  are  adapted 
for  the  compounding  of  soluble  neutral  stains,  while  the  salts  of  car- 
bonic acid  and  the  phenol  stains  are  only  to  a  slight  degree  suitable, 
and  least  suitable  of  all  are  the  nitro  stains.  From  the  series  of  acid 
stains  may  be  mentioned  especially  orange-G,  acid  fuchsin,  and  narcein 
(a  readily  soluble  yellow  stain,  the  sodium  salt  of  sulphanilic-acid- 
hydrozo-/9-naphtol-sulphonic  acid). 

Triacid  Staining^. — If  a  solution  of  an  acid  stain,  for  instance, 
orange-G,  is  poured  drop  by  drop  into  a  solution  of  methyl-green,  a 
coarse  precipitate  first  occurs  which  dissolves  on  the  further  addition 
of  the  orange  solution.  In  fact,  the  solution  should  be  prepared  so 
that  no  more  orange  is  adde<l  than  is  necessary  to  complete  solution. 
This  is  a  type  of  a  simple  neutral  staining  solution.     To  explain  this 
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example  eheraieallyj  \v*_'  must  helitn^e  that  all  three  busic  groups  of  the 
niethyl-grei'ii  in  tliLs  mixture  are  m  cooibination  with  the  aeid  stain  ; 
in  other  worck,  that  we  have  to  do  with  a  triacid  combination  of  the 
methyl-green. 

Siniple  neutral  mixtures  having  one  common  cf>nstitnent  readily 
enter  into  combination  with  one  another.  This  h  a  very  important  I'tiet 
in  the  practical  and  valuable  triple  stain.  This  is  made  only  by  mixing 
two  simple  neutral  mixtures,^— that  is^  two  mixtures  consisting  of  two 
eomptj nen ts  witli  one  another  j  chenvic  decomposition  nee<l  not  lx»  feared. 
Thus  are  obtaine<l  the  important  practical  solutions  which  contain  three 
or  moi-e  stains.     Theoretically  there  are  two  possible  combinations : 

1.  Mixtures  consisting  of  one  acid  and  two  basic  stains:  omnge- 
amet I lyst- methyl-green  ;  narcein-pyronin-methyl-green  ;  narcein-pyro- 
nin-methylene-blne. 

2.  Mixtures  consisting  of  two  acids  and  one  base  :  orange-G  acid 
fuchsin -methyl-green  ;  narceiu-acid  fuchsin-methyl-green. 

3.  The  corresponding  combinations  of  methylene-blue  and  amethyst- 
violet.     The  first  of  these  will  be  describe*!  more  in  detail  later. 

The  imjxjrtance  of  these  neutral  stains  lies  in  the  fact  that  they  stain 
certain  deHnite  elements  which  are  not  stained  by  the  different  compo- 
nente,  and  w^iich  are  describeii  therefore  as  nentrophile. 

Elements  which  like  nuclear  matter  have  an  affinity  for  basic  stains 
are  stiiiiied  by  the  basic  stains  in  these  nentral  mixtures,  acidophile 
elements  by  one  of  the  two  acid  stains,  while  those  which  possess  a 
Bimnltaneous  affinity  for  acids  and  basic  stains  take  up  the  neutral  stain 
as  such  and  stain  therefore  a  mixed  color. 

The  f'osi ti-7milufkne-bhie  mixture  shows  a  certain  eoutra.^t  ti»  the 
€omm<*n  staining  mixtures,  inasmuch  as  with  an  ejtcess  of  the  basic 
methylene-blue  there  is  still  sufficient  etisin  solution  to  make  lx>th  stains 
active.  Ad  objection  to  such  a  mixture  is  that  precipitates  readily  form 
in  it»  making  the  prepiration  unserviceable.  This  is  most  likely  to  t>ccur 
in  freshly  prepared  s^ilutions^  ti>  which  the  components  have  just  been 
added,  and  least  likely  in  solutions  like  Chenzinsky's,  whicli  may  be  pre- 
served for  a  long  time.  Still,  fresh  solutions  stain  much  more  iotensely 
and  di%'crsely,  and  must  be  employtn]  in  special  cases  (see  jmges  44,  45). 
When  the  stain  has  succeechxl»  the  picture  is  extremely  instructive.  The 
nuclei  are  l>lue,  tlie  hemoglobin  re<l,  the  nentrophile  granulations  violet, 
the  acidophile  pure  ral,  and  the  mast-cell  granulations  intensely  blue ; 
—one  of  the  prettiest  microscopic  pictures  that  it  is  jK>s.sibIe  to  see. 

For  pmctical  use,  l)esides  the  iodin  and  iodin-eosin  solution  which 
will  be  described  later  (pages  45  aiitl  4 (J),  there  are  the  following  : 
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1.  Hematoxylin  soltUions  tcith  eosin  or  orange- G. 

m 

Eoein  (cryst.)      0.5. 

Hematoxylin       2.0. 

Absolute  alcohol, 
Aqua  dest, 

Glycerin aa  100.0. 

Acid,  acet  glac 10.0. 

Alom  in  excess. 

Several  weeks  are  required  for  the  solution  to  ripen.  Preparations 
fixed  in  absolute  alcohol  or  by  heat  are  stained  in  one-half  to  two  hours ; 
the  hemoglobin  and  the  acidophile  granulations  are  red,  the  nuclei  the 
color  of  the  hematoxylin.     The  stain  must  be  very  carefully  washed  off. 

2.  In  the  practical  employment  of  the  IriaxAd  solution  it  is  important, 
as  was  first  demonstrated  by  M .  Heidenhain^  that  the  stains  be  chem- 
ically pure. 

The  advantage  of  the  solution  prepared  from  these  stains  is  evident 
from  the  fact  that  basophile  granulations  in  the  neighborhood  of  the 
nucleus  of  the  white  blood-corpuscles  are  not  now  frequently  found ; 
these  were  once  regarded  by  even  experienced  investigators  {e,  g.j  Neusser), 
not  as  artefacts,  but  as  preformed  perinuclear  formations,  though  their 
significance  could  not  be  explained. 

Saturated  watery  solutions  of  the  three  stains  are  prepared  and  cleared 
by  long  standing.     They  are  then  mixed  in  the  following  way  : 

Orange-G  solution lS-14  cc. 

Acid  fuchsin  solution 6-  7  ** 

Aqua  dest      15    " 

Alcohol       15     " 

Methyl-green 12.5" 

Alcohol      10    " 

Glycerin 10    " 

These  substances  are  measured  in  the  prescribed  order  by  the  aid  of  a 
graduated  glass,  and,  after  the  addition  of  the  methyl-green,  thoroughly 
shaken.  The  solution  is  at  once  ready  for  use,  and  can  be  preserved  a 
long  time.  Slight  fixation  only  is  necessary  (see  page  38).  Staining  is 
complete  in  at  most  five  minutes. 

The  nuclei  are  greenish,  the  red  blood-corpuscles  orange,  the  acido- 
phile granulations  copper  colored,  and  the  neutrophile  violet.  The 
mast-cells  become  conspicuous  oh  .account  of  a  "  negative  staining  '*  as 
peculiar  clear,  almost  white  cells,  with  pale-green  nuclei. 

The  technic  of  triacid  staining  is  therefore  extremely  simple.  The 
stain  is  very  satisfactory  for  general  study,  and  is  indispensable  in  all 
cases  where  the  neutrophile  granulations  come  into  consideration. 

3.  Basic  Double  Staimng, — Saturated  watery  methyl-green  solution 
is  mixed  with  a  dilute  alcoholic  fuchsin  solution. 
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The  staining,  \\\w\\  also  recjuires  only  slight  fixatioD,  is  complete  in 
a  few  minutes  ;  the  iniclei  are  green,  the  red  bloc^l -corpuscles  reel,  and 
the  protoplasm  of  the  lymph(x\vte.s  luchsin  colored.  It  is  very  suitable 
therefore  for  demonstrating  s|>ecimen8  of  lymphatic  leukemia. 

4.  EosUir-nidhykne-bhm  mixiiirm — e.  ^,,  Ckettzlmki/s  finid  : 

CcmcenLraled  atjueout*  metlivleiiotiltie  wilittion  » 40  ca 

0.5  per  ci?Dt  eotfln  solution  in  70  }>er  cent  alcuhql    .♦*«,.  20  " 
Aquu  iie»U 40  " 

« 

The  !4ohition  ig  quite  stable^  though  before  use  it  must  ahvays  be 
filtered.  It  requires  only  fixation  i>f  the  prepamlion  in  aleohol  for 
five  minutes.  Six  to  tweuty-four  hours  in  an  air-tight  vessel  in  an 
incubator  are  required  for  staining. 

The  nuclei  and  the  niast-eelJ  granulations  arc  stained  intensely  blue, 
malarial  pla^^modia  a  delie^ite  sky  blue,  tlie  reil  bloml-ct^rpuseles  and  the 
eosinophile  granulations  a  beautiful  red. 

This  sohition  m  therefore  rc<*omniended  for  the  study  of  the  structure 
of  the  nuelei,  f)f  the  basopbile  and  eosinophile  granulations,  and  is  em- 
ployed with  advantage  in  anemia  as  well  as  lymphatic  leukemia. 

5.  10  C.C.  of  a  1  per  cent,  aqueous  solution  <if  eosin  are  mixe<l  with 
8  c.c,  o?  mdhyl-akohol  m\A  10  e.c.  of  a  saturated  watery  solution  of  rne^lic- 
inal  rndfufiene-hlut^  and  the  mixture  is  at  once  rt^dy  li>r  use  (see  page  27). 
The  dumtioD  of  staining  intone,  at  most  two  minutes.  Staining  is  sue- 
eefi^fnl  imly  when  the  prejiamtions  are  carefully  fixed  by  heat.  The 
mast-cell  gnmulations  are  stained  pure  blue,  the  eosiiiophile  red,  the 
neutrophile  a  mixed  color, 

^Tjei^hnmnH  Mdhmh — Leishman'  has  described  a  mwlification  as 
follows  :  Two  solutions  are  fii>t  pre|iare<l  and  then  mixed.  Solution  A 
is  a  1  |K*r  cent,  s^ilutionof  medicinal  methylene-hlue  (Gnlbler)  in  distilled 
water.  It  is  rendered  alkaline  by  the  addition  of  0.5  }>€t  cent,  of 
scKlium  earbjiuite  and  is  then  hefited  at  G5^  C  for  twelve  hours,  and 
finally  allowed  to  st;uid  at  room  tem[»erature  for  ten  days  before  it  is 
used.  The  setNiud  solution  is  a  OJ  per  c(»nt.  solution  n{  tH>sin  (Extra 
B.  A,,  Grubler)  in  distillcfl  water.  Bjual  vi4unies  of  these  solutions 
are  mixed  in  a  large  open  vessel  and  allttweil  to  stand  for  from  six  to 
twelve  hourK,  iKung  stirre<l  from  lijne  to  time  with  a  glass  riKl.  The 
precipitate  is  collected  on  filter-paper  and  washed  with  distillc<l  water 
until  the  washings  an*  nearly  <Yjlorless,  The  resiilue  is  collected  and  is 
dissolved  in  methyl  alcohol  in  a  pmiwrtion  of  0.15  per  cent. 

J/#///or/  of  SUiminfj. — ^Cover^lass  pre[)aratioiis  without  fixation  are 
covered  with  3  or  4  drops  of  the  eitaiiij  to  which  after  half  a  minute 
»  Brit.  Med,  Jout;,  Sept  21,  1901. 
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twice  as  much  distilled  water  is  added.  The  diluted  stain  is  allowed 
to  act  for  five  or  ten  minutes,  then  washed  in  distilled  water,  and  a  few 
drops  of  the  water  are  allowed  to  rest  on  the  smear  for  one  minute 
longer. 

WrigMs  Method. — Recently  Wright  has  considerably  improved 
Leishman's  stain.  The  advantage  of  Wright's  method  consists  in  the 
rapidity  of  preparation  of  the  stain  and  the  accuracy  of  the  result.  For 
details  the  reader  must  be  referred  to  Mallory  and  Wright's  Pathologic 
Technic. 

Jenner^s  method  has  become  a  favorite  one,  and  gives  very  satisfactory 
results.  A  1.2  to  1.25  per  cent,  watery  solution  of  Grubler's  yellow 
water-soluble  eosin  and  a  1  per  cent,  watery  solution  of  Griibler's  me- 
dicinal methylene-blue  are  mixed  in  a  basin,  stirred,  and  allowed  to  stand 
twenty-four  hours.  The  mixture  is  filtered  and  the  sediment  dried  at 
55°  C,  after  which  the  powdered  filtrate  is  washed  with  distilled  water, 
filtered,  and  again  dried.  A  0.5  per  cent,  solution  of  this  powder  in 
pure  methyl  alcohol  constitutes  the  staining  fluid.  Films  of  blood 
are  stained,  without  previous  fixation,  for  from  one  to  three  minutes  and 
washed  with  distilled  water  a  few  moments  until  of  a  pink  color. —  Ed.] 

Before  proceeding  to  the  study  of  the  histology  of  the  blood,  two 
important  methods  must  be  described  for  which  the  dry  preparation  can 
be  directly  employed  without  previous  fixation  :  1.  The  demonstration 
of  glycogen  in  the  blood  ;  2.  The  microscopic  demonstration  of  the  dis- 
tribution of  alkali  in  the  blood. 

Demonstration  of  Glycogen  in  the  Blood. — This  can  be 
done  in  two  ways.  The  original  procedure,  as  recommended  by 
Ehrlich,  was  to  treat  the  preparation,  while  under  the  microscope,  with 
a  drop  of  thick  clear  iodin-gum  solution ;  but  the  following  method  is 
better :  The  preparation  is  placed  in  a  closed  vessel  containing  crystals 
of  iodin,  where  it  assumes  within  a  few  minutes  a  dark-brown  color ;  it 
is  then  imbedded  in  a  saturated  solution  of  levulose,  which,  as  is  well 
known,  possesses  a  high  index  of  refraction.  In  order  to  preserve  the 
preparation  it  is  necessar}'  to  surround  the  cover-glass  with  cement. 

By  both  methods  the  red-blood -corpuscles  are  rendered  conspicuous 
by  the  iodin  stain,  and  show  no  morphologic  change.  The  white  blood- 
coq>uscles  are  but  feebly  stained  except  the  j)arts  containing  glyco- 
gen, and  no  matter  whether  the  glycogen  is  within  white  bloml- 
oorpuscles  or  extracellular  in  products  of  decomposition,  these  are  char- 
acterized by  a  beautiful  mahogany-brown  color.  The  second  nieth(Kl  is 
especially  to  be  recommended  on  account  of  the  strong  clearing  action 
of  the  levulose  syrup,  because  with  the  employment  of  the  i(Mlin-guni 
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solntion  a  small  amount  of  glycogen  may  escape  observation  owing  to 
the  €1  pa  q  lien  ass  of  the  gum  or  its  own  pcKiuliar  staining.  This  seoc^nd 
method  of  examination  \&  therefore  recommended  in  case^  of  diabetes 
and  other  diseast»s.* 

Microscopic  Demonstration  of  the  Bistribution  of 
Alkali  in  tlie  Blood. — This  metht^d  is  based  on  a  proc<Hinre 
elaborated  by  Mylius  for  the  demonstration  of  alkali  in  glass.  Lxlin- 
eosiu  makes  a  t?onibi nation  readily  ^^ithible  in  vvat-er  with  a  reil  color, 
but  insoluble  in  cther^  chhiroformj  and  toluol.  In  contrast  to  this,  the 
free  acid  stain  as  it  is  made  from  the  salt  by  acidifying  the  solution  is 
x^vy  insoluble  in  water^  but  readily  soluble  in  organic  solutions,  so  that 
on  shaking  it  dissolves  compk'tely  in  the  etliert^!  solution  with  the  pro- 
duction of  a  yellow  color.  If  this  is  allowe<l  to  Jail  on  glass  on 
which  there  is  an  alkaline  precipitate  from  de(x>m position  of  the  glass, 
this  pret^ipitate  bec<*nK*s  conspicuous  l>y  a  beautiful  red  color  on  acooiint 
of  tlie  formation  of  an  intensely  t-oiorLKl  salt. 

In  employing  the  test  on  blood,  all  vessels  used  in  the  staining,  as 
well  as  the  cover-glasses,  must  naturally  bw  cleanse<l  by  acids  of  possi- 
ble alkaline  prt^^ipitatcs.  ImmcHliately  after  making  the  dry  preimration 
it  is  placctl  in  a  glass  vessel  containing  chloroform  <ir  a  chlorofonn- 
toKiol  solution  of  free  iodin-eosin.  In  a  short  time  it  becomes  a  dark 
red*  It  is  then  quickly  transferred  to  another  vessel  ci>ntairn*ng  pure 
chloroform,  which  is  changed  once,  and  the  prepiration  is  then  mounted, 
moist  with  the  chloi-oforni,  in  Canada  bilsam.  The  morphologic  ele- 
ments retain  their  shape  imaltereil,  Tlie  plasma  becomes  an  evident 
red  and  the  rcnl  blfKHl-cnrpuscles  I'emain  unstained.  The  protoplasm 
of  the  white  blood -<'orpusclcs  is  staine^l  nnl  ;  tlie  nucha  are  unstitined 
and  appear  as  vacuoles  (negative  staining).  The  fragmented  corpuscles 
are  intensely  red,  as  likewise  the  fibrin.  This  stain  is  extremely  in- 
structive and  shows  many  details  not  apparent  by  other  metlunls,  but 
of  interest  largely  on  account  of  the  !>eauty  of  the  pictures.  It  is  es|»e- 
cially  valuable  since  it  brings  out  conspicuously  the  artefacts  of  the  dry 
preparation,  an«l  every  technicLil  error,  acting  as  it  were  as  a  sort  of 
contre^l.  This  metliod  is  scientifically  important  in  that  it  ilcmonstrates 
the  distribution  of  alkali  in  the  individual  elements  of  the  blood.  It 
appears  that  there  is  no  free  alkali  reat'tiug  to  iodin-cosin  present  in  the 
nuclei.  These  therefore  react  as  ncntnil  or  acid.  The  protophism  of 
the  leukcxytes,  fin  the  contrary,  is  invariaiily  alkaline,  espiTially  that  of 


*  Thii*  metliocl  in  likewise  fltpon^lv  rccurnineTjdecl  for  I  he  di?mfiiiNinitinn  c»f  iflycojtrcn 
in  ftecretioni — r.  tj.y  gonorrheal  pun  invanohly  Mhowt*  u.  t'*!!! Hide ni hie  glycoju^n  reaotion  of 
the  ptiiK'ell«.     It  is  hIm}  fmiml  in  t^flls  of  tiinior^  t:ikon  frtmi  ihe  exuilatc  <ir  by  scraping. 
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the  lymphocytes.     Especial  attention  may  also  be  called  to  the  marked 
alkalinity  of  the  blood-platelet 
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BLOOD* 

THE  RED  BLOOIMX)RPUSCLES. 

In  dry  preparations  properly  prepared  the  red  blood-corpuscles  pre- 
serve their  natural  size  and  form,  and  show  plainly  their  biconcavity. 
When  isolated^  they  appear  as  round,  homogeneous  bodies  about  7.5 
fi  diameter.  They  are  stained  most  intensely  at  the  thick  peripheral 
part,  and  least  at  the  center  corresponding  to  the  depression.  The 
stains  which  have  been  described  do  not  tint  the  stroma,  but  only  the 
hemoglobin,  so  that  the  intensity  of  color  acts  as  a  criterion  for  the 
expert  in  estimating  the  amount  of  hemoglobin  in  the  individual  cells, 
and  is  a  much  more  satisfactory  criterion  than  the  natural  hemoglobin 
color  seen  in  fresh  preparations.  [Weidenreich,*  in  an  article  on  the 
structure  and  form  of  the  red  corpuscles,  has  come  to  the  conclusion 
that  the  erythrocyte  is  not  a  biconcave  disc,  but  is  bell-shaped,  and 
may  swell  to  the  form  of  a  sphere  from  absorption  of  liquid  or  become 
converted  into  a  flat  disc  by  loss  of  water.  He  states  that  the  so-called 
"  shadow  corpuscles  '*  are  simply  the  collapsed  membrane  of  the  cor- 
puscle. Treating  the  preparation  with  chromic  acid  makes  it  possible 
to  recognize  a  residuum  of  hemoglobin  in  the  interior  of  these  shadows. 
With  regard  to  the  intimate  structure  of  the  red  corpuscles,  Weidenreich 
concludes  that  there  is  no  stroma,  but  simply  a  membrane  containing  a 
structureless  liquid  and  yellow  colored  material.  F.  T.  Lewis'*  has 
recently  confirmed  these  views  regarding  the  form  of  the  mammalian 
red  corpuscles. — Ed.]  Corpuscles  poor  in  hemoglobin  are  readily  recog- 
nized by  their  pale  staining,  and  especially  by  the  more  pronounced 
size  and  transparency  of  the  central  7X)ne.  In  more  marked  cases  they 
may  be  characterized  by  the  staining  of  the  peripheral  zone  alone ; 
these  were  appropriately  designated  by  Litten  as  *^  pessary  forms. ^' 
The  faint  staining  in  these  cases  can  not  be  attributed,  as  E.  Grawitz 
assiunes,  to  a  lessened  affinity  of  the  hemoglobin  for  the  dye.  Such  a 
qualitative  metamorphosis  in  the  hemoglobin,  which  causes  it  to  behave 
differently  to  stains,  is  unknown  even  in  anemic  blood.  When  the 
blood-discs  stain  less  evidently,  therefore,  this  is  attributable  only  to  a 
lessened  amount  of  hemoglobin. 

*  Arch,/,  mVcroskop.  Anat.,  1902,  Ixi.,  3,  p.  469. 

•  Jour,  of  Med.  Besearch,  Jan.,  1904. 
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Such  a  diniinution  in  the  amount  of  hemoglobin  Lsseen  in  all  anemic 
conditions  (usj^'i-ially  tlie  post-luTnorrlnigif,  ^cfondary  and  chlorotic), 
except  |)ernieiou8  anemiaj  in  which,  an  first  pc^inted  out  by  Laache,  the 
mdiviilusil  discs  show  an  increased  anicmnt  of  hemoglobin. 

In  oi-der  prr^pcrly  to  understand  tlie  pathologic  conditions,  it  must 
be  renicMidx^retJ  tliat  the  individual  red  bkK>d-corj>uscles  are  not  exactly 
similar  in  normal  blood.  Even  physiologically,  cells  are  continually 
desti\iyed  (used  up)  and  replaced  by  new  ones^*  Evety  drop  of  bliM^Ki 
contains  erylhr<K*ytcs  of  very  ditlereut  ages.  It  is  easv  to  untlcrstand 
therefore  that  injurious  influences,  when  not  too  great,  may  affect  indi- 
vidual red  blofxl-corpuscles  differently.  Elements  pissc^ssing  the  least 
power  of  resistance — /,  e.,  the  oldest — succumb  to  the  injury,  while 
others  are  able  to  withstand  it. 

Among  these  moderately  severe  irritations  we  may  undoubtedly 
place  the  condition  of  the  bkKjd  itself  in  anemia^  the  effect  of  which 
can  be  studied  in  c<iscs  of  acute  |K>st- hemorrhagic  anemia. 

In  all  anemic  c(3nditions  characteristic  changes  are  observed  in  the 
blood-discs. 

Anemic  or  Polychromatopliilic  Degeneration  of  the  Red 
Blood-corpuscles* — Tliis  change,  first  described  by  Ehrlich,  later  by 
Gabritschewski,  who  bestowed  on  it  the  second  nanie,  is  seen  exclusively 
in  i^taincd  preparations.  It  consist  in  the  red  bhxid-discs  taking  on  a 
mixed  instead  of  the  normal  hemoglobin  color.  In  preparations  of 
normal  blood  stained  with  hematoxylin-eoi?in,  for  instance,  the  red 
blood-corpuscles  are  pure  red.  In  preparations  of  blood  from  chronic 
anemia,  in  which  all  degrees  of  fmgmentary  degeneration  occur,  they  may 
show  a  delicjite  viok^t  or  bliie-retl,  or  even  an  intense  blue,  with  scarcely 
a  trace  of  red.  Such  t^>r|MiKcles  are  easily  rec^ignized  by  their  peculiar 
fragmented  margins  as  dyin^  elements. 

Ehrlich  suggt^stal  tlie  theory  that  this  behavior  toward  stiuns  indi- 
cates the  gradual  dc^ith  of  the  ret!  blood -corpuscles,  especially  fjf  the 
older  forms,  by  a  pro<'ess  of  coagulation-necrosis  of  the  diseo|>Iasm, 
This  Ix^ccmies  laden,  as  in  coagulation -necrosis  genemlly,  with  the  albu- 
min of  the  blooil,  and  thereby  biMi^otues  capal>lc  of  taking  up  nuclear 
stains.  At  the  same  time  the  disctiplasm  loses  its  power  of  hohling  the 
hemoglobin,  and,  in  accordance  with  the  degree  of  the  alterations,  grad- 
ually yields  it  to  the  bliKxl-plasma,  the  disc  in  the  meantime  losing  more 
and  more  the  sptri fie  hemoglobin  stain. 

This  \4ew  was  opposed  from  different  side^,  first  by  Gabritschewski, 
later  by  Askanazy,  Dunin,  anil  others,  who  insisteil  that  the  jwJy chro- 
ma tophiUe  discs  were  oot  dying  tbrms,  but,  on  the  contrary,  young 
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forms.  This  opinion  was  based  on  the  fact  that  in  certain  anemias  the 
primary  stages  of  the  nucleated  red  blood-corpuscles  are  ofleu  poly- 
diromatic. 

On  account  of  its  theoretic  importance  the  evidence  which  upholds 
die  d^enerative  character  of  these  forms  is  detailed  briefly : 

1.  The  appearance  of  the  erythrocytes  which  show  the  highest 
grades  of  polychromatophilia.  By  the  breaking  up  of  their  margins 
they  appear  to  every  eye  practised  in  the  study  of  morphologic  condi- 
tions as  evident  degeneration-forms  in  the  act  of  solution. 

2.  The  fact  that  such  changes  can  be  produced  experimentally  in  con- 
siderable numbers  in  the  blood  of  animals^  for  instance^  by  inanition  ; 
in  other  words,  by  conditions  in  which  there  can  be  little  question  of  a 
new  formation  of  red  blood-corpuscles. 

3.  The  clinical  experience  that  after  acute  losses  of  blood  in  man  these 
anomalies  of  staining  are  observed  in  numerous  cells  within  the  first 
twenty-four  hours,  while  according  to  careful  examinations  of  several 
hundred  patients  no  nucleated  red  blood-corpuscles  are  to  be  found 
during  this  period.^ 

4*.  Nucleated  red  blood-corpuscles,  especially  megaloblasts,  frequently 
show  polychromatophilic  degeneration.  This  fact  is  so  evident  that  it 
can  scarcely  escape  the  observation  of  the  inexperienced.  Ehrlich  is 
well  known  to  have  been  the  first  to  call  attention  to  this  condition. 
Moreover,  it  was  the  types  of  normal  regeneration,  the  normoblasts, 
which  were  usually  free  from  polychromatophilic  degeneration  even  in 
animals  which  furnished  the  grounds  for  its  discovery.  Askanazy 
declares  that  he  found  polychromatophilia  in  all  the  nucleated  red  blood- 
corpuscles  of  the  bone-morrow  in  one  case  of  empyema  immediately 
after  resection  of  the  ribs,  but  this  is  probably  attributable  to  peculiari- 
ties of  this  case  or  to  the  uncertainty  of  the  staining  method  employed, 
namely,  eosin-methylene-blue,  which  must  be  considered  as  very  inap- 
propriate, inasmuch  as  overstaining  with  the  blue  readily  occurs.  (The 
authors  especially  advise  for  the  study  of  anemic  degeneration  the  triacid 
solution  or  the  hematoxylin-eosin  mixture.) 

From  what  has  been  said,  and  from  the  recent  work  of  Pappenheim 
and  Maragliano,  the  authors  hold  that  polychromatophilia  is  a  sign  of 
degeneration  in  the  affected  cells.  The  occurrence  of  such  altered 
erythroblasts  must,  therefore,  be  referred  to  severe  injuries  of  the  blood, 

'  Though  in  opposition,  Dunin  asserts  that  the  occurrence  of  nucleated  red  blood- 
corpuscles  within  the  first  twenty-four  hours  after  the  loss  of  blood,  is  the  rule,  the 
mothor?  still  insist  that  such  an  assertion  is  not  consonant  with  actual  facts;  though 
thej  will  admit  that  a  single  case  might  show  such  a  rarity. 
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on  aecmint  of  which  they  aix?  aboormal  whoo  produced,  A  sufficient 
Duml>er  of  anali>^ie^  for  this  enn  be  found  in  geiieml  patholog}% 

[Turk^  expresses  it  as  his  view  of  polychromiitophilia  that  the 
basophih'a  is  connected  with  the  poverty  in  hemoglobin,  since  the  normal 
oxyphilia  of  the  hemoglobin  conceals  the  basophilia  of  tlie  stroma.  He 
diies  nt>t  Ij^elieve  that  the  phenomenon  is  Ln  any  sense  degenerative,  but 
rather  one  connected  with  tlie  immature  condition  of  the  red  corpuscle. 
At  the  same  time  he  believes  there  is  an  abnormal  condition  of  these 
cells,  and  in  short  the  cc»ndition  is  one  of  anomaly  rather  than  of  ^legen- 
eration  or  immaturity. 

In  this  same  t^>nnection  the  editor  wishes  to  refer  to  his  own  ex- 
|K*rienr'e  in  the  matter,  and  to  quote  from  an  article  "  on  the  Pathology 
of  the  Erythrmyte."  ^ 

**  I  may  eon  firm  some  of  these  observations  from  my  own  experi- 
ence* I  have  found  that  the  corpuscles  po«jr  in  hemoglobin  are  more 
apt  to  present  irregtilarity  in  the  matter  of  receiving  color,  and  have 
frequenily  found  that  this  was  most  markeil  in  the  center  of  tlie  cor- 
puscle ;  moreover,  in  a  case  of  pernicious  anemia  in  which  the  bone- 
marrow  was  retl,  I  found  an  enormous  pn>pnrtion  of  jiolychromatophilic 
cells  in  the  bone-marrow.  This  affected  not  only  the  adult  cells,  but 
the  youngejst  nucleiited  forms  as  well,  .  ,  .  Maragliano  and  Castellino^ 
in  their  studies  of  necrobiosis,  found  that  the  endoglobular  areas  of 
decolorization  invariably  received  basic  stains  ;  and  other  observers, 
like  Heinz  and  Browicz,  found  that  fmgmented  corpuscles  behaved 
somewhat  similarly/' — Ed,] 

A  second  altera tion  found  in  the  red  blfMxl-corpuscIes  in  anemia,  is 
poikilocytosis.  This  consists  in  the  a[vpeaninee  of  more  or  le.ss 
numemus  larger,  smaller,  and  very  small  red  elements.  Laache  first 
drew  attention  to  cells  larger  than  normal  in  Biermer's  anemia,  and  his 
finding  has  since  then  h^m  confirme^l  ;  yet  in  all  other  anemias  of  severe 
or  moderately  severe  eharucter  the  red  blood -corpuscles  shiiw  a  diminu* 
tion  in  size  and  in  the  amount  of  hemoglobin.  This  contradiction,  which 
was  first  noted  by  Laache,  but  whit^h  could  not  be  explained,  has  been 
satisfactorily  cleared  up  by  Ehrlich's  investigation  of  the  nucleated  pri- 
mary stages  of  the  megalocytes  and  the  normocytes  (see  below).  [Poikih^- 
cytes  were  first  described  by  Damon,  uf  Boston,  in  a  jxiper  on  leukemia 
publishai  in  1804. — Ed,] 

The  blood -picture  of  anemia  is  made  more  variegated  by  the  appear- 
ance of  smaller  cells  of  abnormal,  irregular  shai>e,  simulating  pears,  air 

'  VmitJotngen  Utber  klitu  HenmtoL^  1904, 

'  CkmiributiofM  from  the  WiUiam  Pepper  Laboralofy  of  Ctinical  Medicine^  1900. 
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balloons,  and  small  boats*  Still  in  well-prepared  dry  specimens  the 
eeotml  biconcjivity  is  usually  evident  in  the  smallest  forms,  with  the 
exception  of  the  so-ealled  '*  mieroeytes."  These  are  small  spherical 
forms  to  which  in  the  first  period  of  microscopic  hematology  special  sig- 
Qiilcance  was  attributed  iu  the  diagnosis  of  severe  aneruias,  though  tliey 
are  nothing  mare  than  contracted  funns  of  the  poikilocytes  ;  or,  in  other 
words,  show  the  same  relation  to  the  poikilocytes  as  the  thorn-apple 
forms  to  the  normal  red  blood-corpuscles.  We  find  microcytes,  there- 
fore, but  rarely  in  dry  pn^parations,  and  much  more  frequently  after 
long  observation  of  moist  ones. 

It  is  further  important  to  know  that  the  poikilocytes  may  show  a 
certain  juuount  (»f  movement  in  fresh  bloody  which  has  given  rise  to  fre- 
quent error;  for  instance,  at  the  bcgiuniug  i»f  the  microscopic  study  of 
the  bhxKl  they  were  eonsidered  to  be  the  excitants  of  malaria  ;  and  some- 
what larger  forms  were  recently  pointed  out  by  KIcbs  and  Perles  as 
amebse.  With  Hayem^  therefore,  who  des<jril>cil  tliese  forms  from  the 
first  as  pseudoparaisites,  the  author  must  warn  against  attributing  to 
lliem  a  parasitic  character. 

The  origin  of  poikilocytosis,  previously  much  discussed,  is  now  com- 
monly explained  according  to  Ehriich's  hypothesis.  On  account  of  the 
fact  that  it  is  possible  to  produce  poikilocytosis  exprimeutally  by  axi'e- 
ful  heating,  we  are  forced  to  the  conclusion  that  poikilocytes  are  products 
of  fragmentation  of  the  red  blood-corpuscles  (**  Schistocytes/'  Ehrlieh). 
This  theory  aocor^ls  with  the  fact  that  even  the  smallest  fntgments 
fihow  in  dry  preparations  the  biconcave  fomi.  For,  c^jntaining  as  they 
do  the  specific  protoplasm  of  the  blo<xl-<liscs,  the  diseoplasm,  *^  the 
leodeDcy  is  natural  to  assume  the  typical  biconcave  form  in  a  condi- 
tioo  of  rest." 

Other  qualitative  alterations  of  the  protoplasm  of  the  poikilocytes  are 
Dot  perceptible  on  staining.  Full  functionary  powers  can  therefore  be 
aasumed  for  them.  Consequently  their  origin  may  l>e  considcreil  as  a 
compensatory  reaction  to  the  decrease  in  the  number  of  corpuscles*  since 
by  the  breaking  up  of  a  large  cor|)Usele  into  a  number  of  small  ones  the 
respiratory  surface  is  decidedly  inereast>d. 

Nucleated  Red  Blood-corpuscles. — A  third  morphologic 
ahDormality,  ordinarily  seen  in  severe  grades  of  anemia,  is  the  appear- 
mce  of  nucleated  red  bloL>d-corpuseles. 

Without  going  too  much  into  detail  in  regard  to  the  origin  of  the 
blood  elements,  the  present  teaching  in  relation  to  the  nueleatetl  red 
blood-corpuscles  must  be  mentioned. 

Sinoe  the  fohdamental  work  of  Neumann  and  Bizzozero,  nucleated 
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red  blood-eorpuseles  have  been  generally  recognized  as  noroml  young 
forms  ;  while  Hay  em's  theory,  which  insists  od  the  origin  of  the  ery- 
tlirocytes  from  the  blood-platelet,  has  been  allowed  to  fall  into  the  back- 
ground, except  by  the  author  himself  and  his  pupOs. 

Ehrlieh  drew  attention  to  the  clinical  significance  of  the  nucleated 
red  blood-cnrpusclcs  in  tl^ieyear  1880,  when  he  dcmonstnited  in  so-called 
secoudar}'  anemiaii  and  in  leokemia  nucleated  erythrocytes  of  normal 
size — "  normoblasts '*;  and  iu  Biermer^s  anemia  over-sized  elements — 
"  megaloblast^  ''  or  **  gigantoblasts.'*  He  ^howtnl  also  at  the  same  time 
that  the  megaloblasta  played  a  prominent  role  in  tiic  formation  of  blood 
in  the  embryo.  In  1883  Hayeni  made  a  corres|>onding  division  of  the 
nucleate*!  red  blood -ajrpuscles,  namely  :  (1 )  *'  globules  nuclfe  g^antes," 
which  he  found  excluj^ively  in  the  embryo;  (2)  "globules  nucl^  de 
tiiille  uioyenne,*'  which  were  invariably  present  in  the  later  stages  of 
embryonal  life  and  in  adults.  Id  18?40  W.  H.  Howell  likewise  found 
in  the  embryos  of  cats  two  varieties:  (1)  very  large  ercithnjcytes  resem- 
bling the  blo^Jd-eells  of  reptiles  and  amphibia  ("ancestor  corpuscles"); 
and  (2)  others  resembling  those  ordinarily  found  in  mammalia.  Recent 
investigators,  as  H.  F.  MiiUer,  C.  S.  Engel,  Pappenheim,  and  others, 
have  also  preserved  this  division  of  hematoblasts  into  normoblasts  and 
m^aloblasts.  Moreover,  it  has  fjeen  generally  recognized  that  the  nor- 
moblasts occur  in  the  bone-marrow  of  adults  as  the  primary  stages  of 
the  non-U nclea ted  erythrocytes,  while  the  megaloblasts  are  never  found 
there  normally,  except  in  the  embryo  and  in  the  first  years  of  extra- 
uterine life* 

Still,  S*  Askanazy  has  expressed  the  view  that  normoblasts  may 
be  derived  from  megaloblasts,  and  he  consequently  denies  any  particular 
diflereuce*  Schauman,  too,  considers  the  separation  into  two  varieties 
as  not  absolutely  certain,  because  it  is  sometimes  difficult  to  gay  whether 
ct^rtiiin  cells  belong  among  the  normoblasts  or  megaloblasts. 

The  authors  differentiate  three  varieties  of  nucleated  reil  blood- 
eorpupcles  on  the  ground  of  their  fed  lowing  properties  : 

Normoblasts.*— These  are  red  hlood-corpuscles  of  normal  size,  char* 
acterized  by  a  nucleus, — sonietiraes  even  two  to  four  nuclei, — ^and  a  pro- 
toplasm which  shows  as  a  rule  a  pure  hemoglol>in  color.  Ordinarily  the 
sharply  circumscribed  nucleus  is  situated  conoenrieally,  takes  up  the 
grwiter  part  of  tht*  cell,  and  is  striking  on  account  of  its  intense  staining, 
which  far  sur|xissc^  that  of  the  nuclei  oi  the  leukr>cytes,  and,  as  a  matter 
of  fact,  of  all  kntiwn  nuclei.  This  peculiarity  is  so  characteristic  that 
free  nuclei,  such  as  are  sometimes  foimd  in  anemia  and  frequently  in 
leukemia,  are  readily  recognized  as  the  nuclei  of  normoblasts. 
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riei^aloblasts. — These  are  two  to  four  times  larger  than  t!ie  iiornitjl 
red  bl<x»il-i'orpu8cleft.  Their  henioglobiu,  whii'h  cojif^titutes  the  gn»ater 
part  of  the  eel  I,  very  frequently  shows  more  or  le^s  aneoiic  de^enenitiun. 
The  nucleus  ib  larger  thau  that  of  the  normoblasts,  but  takes  up  a  eom- 
paratively  smaller  part  of  the  eel  I,  It  U  irregular  in  sha|>e  and  its 
margin  is  frequently  indefinite  ;  but  it  is  especially  difiereDtiated  from 
the  nncleus  of  the  normoblasts  by  a  much  less  marked  affinity  for  the 
tiuclear  ^taius^, — in  fact,  this  affinity  is  sometimes  so  slight  that  the 
inejcpert  may  fail  to  notice  the  nucleus. 

We  sometimes  see  cells  beli>nging  to  this  category  of  such  immense 
ase  as  to  deserve  the  name  gigantoblasts ;  still  thase  ar^  in  no  other 
way  separable  from   the  ordinary  megaloblasts. 

It  can  not  be  denied  that  it  is  often  difficult  to  decide  whether  a 
definite  cell  should  be  considered  a  particularly  small  megaloblast  or  a 
Urge  normoblast.  In  such  cases  it  is  well  to  overhaul  the  specimen  for 
pronounced  hematoblast-forms,  free  nuclei,  or  megalocytes,  in  order  to 
obtjun  indirectly  evidence  in  regard  to  the  doubtful  cells. 

nicroblasts. — These  are  seen  occasionally  in  traumatic  and  other 
aoemias ;  yet  so  far  have  attracted  no  particular  attention  on  the  part 
of  investigators. 

The  question  of  the  significanoe  of  normoblasts  and  megaloblasts  has 
been  the  cause  of  lively  discussion,  which  brought  forth  good  reasons 
for  and  against  the  diflerentiation  of  these  two  cell-forms.  Looking 
over  the  material  at  hand,  one  is  forced  to  separate  megaloblast^?  and 
normoblasts  on  account  of  the  further  fate  and  peculiarities  of  their 
nuclei  on  the  one  hand,  and  because  of  the  result  of  clinical  observation 
on  the  other. 

The  Fate  of  the  Nucleus* — As  to  the  mode  of  transformation  of 
nucleated  erythroblasts  to  non-nucleated  erythrocytes,  two  almost  dia- 
melrically  opposite  \new8  have  been  in  vogue  for  some  time.  The 
chief  advocate  of  the  first,  Rindflei?wh,  taught  tliat  the  erj-throblast  was 
transferred  to  an  erythrocyte  by  the  outwandering  of  the  nucleus,  and 
that  this,  by  the  aid  of  the  small  amount  of  protoplasm  adhering  to  it, 
look  up  new  substance  from  the  surrounding  plasma,  imbibed  hemo- 
globin,  and  became  again  a  new  erytbroblast.  This  dcK'trine  stands  in 
direct  opposition  to  the  other,  according  to  which  the  erv^throblasts  are 
tnnsfonned  to  non-nucleated  discs  by  the  destruction  and  solution  of 
the  nuclei  within  their  own  bodies  (**  karyorrliexis,  karyoh  i^is  ").  The 
writers  who  advocated  this  view  in  numerous  publications  and  described 
it  as  the  exclusive  method  of  erythrocyte  formation,  are  Kolliker  and 
£^  Neumaiui. 
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Rindfleisch  based  his  theory  on  processes  which  he  observed  directly 
in  the  l>lood  of  guinea-pig  embryos  and  in  teased  preparations  of  bone- 
marrow  in  physiologic  salt  solution, 

E,  Neumann  considers  Rindfieiscb's  position  as  untenable,  because 
his  observations  were  made  only  after  injury  of  the  blood  by  the  salt 
solution  and  by  the  teasing.  He  contends  that  if  the  preparation  is  so 
made  that  every  chemic  and  mec*hanic4il  injury  to  the  blood  is  avoided, 
the  emergence  of  the  nucleus  as  described  by  Rindfleisch  does  not  occur. 

The  Kolliker-Neumaun  view,  that  the  nitcleus  gradually  meets  its 
fate  within  the  cell  itself,  is  supported  not  by  observation  of  the  proc- 
ess, but  by  the  fact  that  in  suitable  selected  cases — e,  g.^  in  fetal  bone- 
marrow,  hepatic  blood,  and  in  leukemia — ^all  phases  of  nuclear  meta- 
morphosis in  the  trausitiou  of  erythroblasts  to  erythrocytes  are  found. 
Moreover,  \\  Recklinghausen  claims  that  he  obsers'-ed  this  solution  of 
the  nucleus  within  the  cell  in  ralibits'  blood  which  he  preser%'ed  in  a  moist 
chamber.  Pappenheim's  suggestion,  however,  that  we  have  to  do  in 
these  cases  with  a  process  similar  to  that  described  by  Manigliano  and 
CastcUino  as  artificial  necrobisosis,  apj^ears  worthy  of  mention. 

As  is  the  case  with  the  views  in  regard  to  the  formation  of  er^'thro- 
c}^s,  there  is  a  wide  divergence  in  the  theories  adduced  to  explain  the 
significance  of  the  '*  free  "  nuclei  observed  in  numerous  cases.  Kolliker 
taught  tliat  these  nuclei  are  never  free  from  protoplasm,  but  are  invari- 
ably surrounded  by  a  very  small  margin  ;  Rindfleiseh  considers  that 
they  have  escape<l  or  were  thrown  ofl^  from  the  ervthroblasts ;  and 
Neumann  believes  them  to  be  young  forms  of  ervthroblasts. 

Ehrlich  was  tlie  first  to  endeavor  to  Ijring  the.se  opposite  views  of 
Rindileisch^s  and  Neumann *s  into  agreement,  lie  taught  that  both 
varieties  of  transformation  occurred.  In  blood  preparations  containing 
a  large  number  of  normoblasts — f,  g,^  in  **  blood  crises  *'  (sec  WIow^), 
or  leukemia — an  uu interrupted  series  of  pictures  may  be  found  show- 
ing the  nuclei  of  the  erythrol>!asts  leaving  the  cells  in  onler  to  l>ecome 
free.  Moreover,  these  forms  are  found  even  in  preparations  where 
every  pressure  on  the  specimen  has  l>cen  avoided.  On  the  other  hand, 
no  matter  how  rich  the  blood  may  be  in  normoblasts,  Neumann's  meta- 
morphosis of  the  nucleus  is  practically  never  observetl.  It  is  quite  dif- 
ferent in  the  c^se  of  megaloblasts.  Among  these  we  find  but  few 
examples  in  which  traces  of  destruction  or  solution  of  the  nucleus  is 
not  evident,  and  in  a  specimen  of  Bicrmer's  anemia  containing  a  reason- 
ably large  numl>er  of  megaloblasts  it  is  possible  to  follow  Neumann's 
process  in  an  uninterrupted  series  from  megaloblasts  with  intact  nuclei 
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tbrotigh  all  stages  of  karyorrhexis  and  karyolysis  to  the  megiilticyte^ 
[Some  recent  studies  of  the  basophilic  gmtiules  of  rmcleiitt.H!  corpuaoles 
(normoblast^j  as  well  as  m^^loblast^)  suggest  that  these  structures  may 
be  the  result  of  oudcar  degeneration.— Ed.] 

From  Ehrlich's  liudings,  therefore,  it  appeals  that  normoblasts  be- 
come normocytes  by  the  wandering  out  or  the  throwing  otf  the  nu- 
cleus ;  megaioblasts,  megalocytes  by  destruction  of  the  nucleus  within 
the  oelL 

Moreover,  M.  B,  Schmidt,  without  reference  to  Ehrlich's  observations, 
ansumes  after  investigation  of  bone-marrow  sections  of  extra-uterine 
animals  that  erythrot^ytes  are  formal  iu  both  ways. 

Recently  Papjieuheitn,  partly  in  cooperation  ivith  O.  Israel,  devoted 
special  attention  to  thi^  subject  in  a  series  of  investigations  on  the  em- 
bryonal blood  of  mice.  Like  Kindfleisch,  he  was  able  to  produce  the 
OQt wandering  of  the  nueleus  by  the  addition  of  physiologic  salt  solu- 
tion to  fresh  blood,  and  he  considers  that  at  least  in  the  euil>ryonal 
bloocl  the  outwandering  of  the  nucleus  occurs  only  artilicially.  The 
tiansformation  to  erythrocytes  in  embryonal  bloi>d  takes  place  exclu* 
sively  by  the  destruction  and  solution  of  the  nucleus  within  the  cell, 
and  it  is  indifferent  whether  the  cells  l^e  raegiiloblast  or  gigantobhists, 
or  cells  of  normal  size^  Contrary  to  Rindfieisch  and  Neumann,  he  re- 
gards the  free  nucleus,  not  as  a  b^inning  stiige  of  development,  but  as 
the  eventual  remnant  of  the  degeneratetl  dying  bhK)d-cell  which  has  l>een 
brought  to  this  condition  by  a  solution  of  the  protoplasm  (**plasmoly- 
da'').  Clinical  observations  of  diseiised  blood  fail  to  supjwrt  this  view, 
tnasmuch  as  even  in  suitable  cases  with  numerous  free  nuclei  (leukemia, 
blood  crises)  no  transition-forms  are  foimd.  In  describing  such  a  ease 
of  leukemia,  Pappcnheim  himself  confesses  that  the  occurrence  of  fi-ee 
nuclei  could  be  explaine<l  in  this  instance  l)y  their  outwandering. 

Although  Pappenheini  recognizes  no  difference  in  regaiTl  to  the  fate 
of  the  nucleus  in  megaloblasts  and  normoblasts  in  embryonal  blcxK],  he 
oonsiders  Ehrlich's  separation  of  the  crythroblasts  into  these  two  groups — 
that  is,  into  two  hematogenetieally  diffen^ut  species  of  c^^lls^ — as  nu- 
doabtedly  correct.  He  refuses  only  to  see  differential  ohanicteristics  in 
the  size  of  and  amount  of  hemoglobin  in  the  cells  ;  and  though  he  ac* 
imowleclges  that  these  differences  were  generally  evident  in  nc^rmo- 
blasts  and  megsiloblasts,  he  contends  they  ^vere  subject  to  many  irregular- 
ities which  under  the  circumstances  made  the  classification  of  an   indi- 


'  The  punctate  an*!  iJ^nulfir-liku"  dep^jnits  sLamfcl  by  nvelhylene-blue,  iuid  foHiid  bv 
AakMtt&MY  $ind  A.  Liizariis  in  the  i'«d  bkKjd-corpu8cle&  in  nuiiieroiis  caaei  of  pemlcioiiH 
■■rmiii  are  probably  producUi  of  mich  a  nuclear  destrucdoo. 
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vidual  oeU  very  tlifficult.  The  principal  feature  in  the  differeotiation 
h  fu rni-shetl  liv  the  character  of  the  nucleus  (a  tact  which  Ehrlich  has 
always  insisted  on).  The  nuclei  of  undoubted  normoblasts  are  ehar- 
aetorizeil  by  their  lack  of  structure,  their  sharp  li nutation,  and  their 
intent^e  altinity  for  the  nuck*^r  8taius,  proiK^rties  wliich  in  histology 
(Ptitzner)  are  corupreh ended  by  the  tnuue  pifknoHig  and  are  considered  as 
signn  of  age.  The  nuclei  of  the  megaloblasts  are  irregular,  show  well- 
dtrvelo|xMl  .structure,  and  stain  much  less  intensely. 

Clinical  Differences. — Normoblasts  are  found  almo4^t  regularly  in 
all  severe  anemias  following  trauma,  inanition,  or  organic  disease.  They 
an?  usually  scanty  in  number^  so  that  a  long  search  is  necessary  to  find 
them,  though  sometimes,  usually  in  acute,  but  also  in  chronic  anemiaA^ 
even  in  csichectic  conditions,  one  or  more  normoblasts  may  be  found  in 
every  field. 

V,  Noorden  was  the  first  to  describe  a  case  in  whicli  nonnoblast« 
occurrerl  transiently  iu  the  circulating  blood  in  such  immense  numbers 
during  the  course  of  hemorrhagic  anemia  that  the  microscopic  picture 
(a  marked  hypcTleukoeytosis  existing  at  the  same  time)  almost  resembled 
that  of  a  myelogt»nic  leukemia.  Since  in  this  case  there  was  almost  a 
doubling  of  the  red  blo<xl-corpuscles,  v.  Noordeu  designated  the  con- 
dition by  the  name  "  blood  crisis.'' 

For  an  accurate  determination  of  a  blood  crisis  the  following  procedure 
m  recammende*l  : 

1.  Estimation  of  the  alisolute  number  of  red  hlood-i'orpuscle^. 

2.  Estimation  of  the  ratio  of  the  white  filood-corpuscles  to  the  red. 

3.  Estitiuition  of  the  ratio  of  the  nucleated  reds  to  the  whites  iu  a  dry 
preparation^  hy  m€*ans  of  the  square  ocular  blend  (see  page  20). 

If  we  find,  for  iu«tautN?,  in  a  ease  of  anemia  3,500,000  red  bloofl-earpuA- 
clee,  the  relation  of  the  whites  to  the  retU^^l  :  100,  and  that  r>f  the  nuch^ated 
reils  to  the  whites^!  :  10.  there  would  be  iu  a  cubic  nirlHuieter  2500  nu* 
deated  reds  or  1000  erythrwytes  to  1  erythrohlasL 

The  me^loblasts,  on  tlie  contrary,  are  never  found  in  traumatic 
anemia*  Moreover,  iu  chronic  anemias  of  the  severest  grades,  as,  for 
instane^^  from  a  1  on gHxm tinned  syphilis,  cartnnoma  ventriculi,  etc,  they 
are  usual ly  sought  in  vain,  while  they  arc  occasionally  found  in  leu- 
kemia. Nevertheless,  much  milder  conditions  apimrently,  in  which  the 
anamnesis,  etiolojiy,  and  general  objective  symptomatology  point  to  an 
essential  progn*ssive  anemia,  are  almt^st  without  exception  chamctcrized 
by  their  occurrence  in  the  blood.  In  late  stages  of  the  disease,  how- 
ever, tliey  are  more  scanty,  and  it  often  rec|uires  a  long  search  over  one 
or  several  firepanitions  to  find  them.  From  this  the  rule  is  evident 
that  the  examination  of  a  case  of   a  severe  anemia  should  never  be 
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consridere<l  complete  until  at  lea^st  three  or  four  )ireparations  have  boeD 
carefully  gone  aver  with  the  aitl  of  an  oil-inimersiou  leos. 

[A  number  of  authors  have  dincitssed  the  tlifficulty  of  differentiating 
oormoblasts  anil  megtiloblasts  when  certain  apjiareutly  intermediate 
^rp66  are  present,  and  this  may  explain  the  difference  in  opinion  regurd- 
ing  the  occurrence  of  megaloblasts  in  secondary  anemias.  Undoubt- 
edly the^  cells  occur  in  lead-poisoning  with  considerable  frequency, 
and  quite  often  in  cancerous  and  other  secondary  anemias.  It  may  be 
doubted,  thereff>re,  if  the  view  regarding  the  rarity  of  the  occurrence 
will  be  generally  accepted. ^ — Ed.] 

This  clinical  differentiation  of  the  two  forms  of  hematobla^ts  leaves 
only  one  question  untouched,  namely,  whether  megaloblasts  or  mvrmo- 
blaste  can  become  traosformeil  the  one  into  the  other.  We  find  normo- 
blasts in  all  cases  of  anemia  in  which  a  normal  ty|>e  uf  regeneration  t^kes 
place  only  more  energetically  tlmn  under  ordinary  circumstance«.  Almost 
all  anemias  with  known  causes,  namely,  acute  hemorrhages,  chronic  hem- 
orrhages, impoverishment  of  bhxRl  by  inanitiou,  c^iehexias,  blood  intoxi- 
cations, hemoglobinemia,  etc., — in  short,  all  conditions  which  are  ordi- 
narily  included  under  the  names  secondary  or  symptomatic  anemia  may 
show  this  increase  of  normal  blorKl  formation.  In  the  coudition  which 
Biermer,  on  the  basis  of  its  clinical  petrol iari ties,  designated  **  essential 
pernicious  anemia,"  we  find,  however,  megaloblasts  the  representatives 
of  an  embryonal  type  of  development.  How  much  they  participate 
in  the  formation  of  blood  in  jiernicious  anemia  is  evident  from  the  fact 
that  in  all  eases  of  pernicious  anemia,  as  was  demonstrated  by  Laacbe, 
megalocytes  are  present,  and  in  si^me  cases  they  represent  tlie  predomi- 
nant erythrocyte*  While  in  simple  anemia,  therelbre,  there  is  a  ten- 
dency for  the  red  blooil-c^irpuscles  to  occur  in  small  forms,  in  pernicious 
anemia,  and  in  it  exclusively,  we  find  the  opposite  tendency*  This 
ronstant  difference  can  not  be  the  result  of  accident,  but  must  depend 
nnrule;  in  other  words,  oversized  blood-corpuscles  must  l*e  pi-oduced 
by  pernicious  anemia.  This  was  logically  proved  by  Ehrlieh's  demon- 
stration of  megaloblasts.  All  attempts  to  obliterate  tbe  difference,  or 
to  deny  that  any  exists  between  meg;iloblasts  and  normoblasts,  are  frns- 
tmted  by  the  undoubted  clinical  fact  that  the  blood  of  |MTuicious  anemia 
is  megalocytic* 

The  occurrence  of  megaloblasts  and  raegaloeytes  is  therefore  a  proof 
tbat  the  r^eneration  of  the  blood  in  the  bone-raarr^jw  is  not  taking 
place  normally,  but  in  a  way  approaching  the  embryonal  type.  Extreme 
cases  like  that  of  Rindtleisoh-^,  in  which  the  entire  bone-marrt>w  is 
filled  with  megaloblasts,  are  naturally  rare.      It  is  sufficiently  diag* 
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noetic  of  the  pernicious  character  "  when  Dot  ihe  entire  li^^ine-ra arrow, 
but  only  a  considcnible  part  is  in  the  proeest*  tif  megiiloblastic  degener- 
ation,*'^ 

Moreover,  we  are  in  a  position  to  state  that  the  megaloblastic  trans- 
formation represents  a  highly  unprofitable  prcjcess,  and  for  the  following 
reasons:  1.  Because  the  new  formation  of  red  blood-eorpuseles  of 
megaloblastic  type  is  a  much  slower  prcxsess.  This  is  proved  particularly 
by  the  fact  that  mcgiiloblasts  always  occur  in  small  numljers,  while 
normoblasts,  as  previously  mentioned,  are  frequently  very  numerous. 
Accordingly  "  blood  crises  "  are  not  observed  in  megaloblastic  anemias. 
2.  Because  the  megalcjcytes  arising  from  the  megaloljlastsf  offer  a  rela- 
tively small  surface  for  respiration  in  comparison  to  their  volume^  and 
therefore  constitute  a  type  the  rever?^e  of  useful  for  anemic  conditions. 
This  is  the  more  evident  when  it  is  recalled  that  the  formation  of  poiki- 
locytes  is  a  compensatory  process. 

Tlic  megaloblastic  degeneration  of  the  hone-marrow  is  apparently  to 
be  referred  to  chemic  influences  which  have  the  power  thus  to  change 
the  regeneration  type.  In  the  majority  of  cases  the  excitant  is  not 
knowu,aud  the  process  is  therefoi^  fatal  because  the  means  of  terminating 
it  are  not  knowu.  This  is  not  contradict eil  by  the  fact  that  bothriocephalus 
anemia,  as  is  well  known^  generally  offers  a  good  prognosis  because, 
although  of  megaloblastic  type,  its  cause  is  known  and  can  be  removecL 
As  in  many  infectious  diseases,  different  individuals  react  to  the  bothrio- 
cephalus very  difierently.  Some  show  no  symptoms ;  others,  the  symp- 
toms of  a  simple  anemia,  |K)ssibly  with  normoblasts  ;  while  a  thiitl  group 
present  the  typical  picture  of  |>ernicious  anemia,  which  for  many  years,  as 
long  as  its  etiology  remained  unknown,  wuld  ncit  be  differentiated  from 
Biermer^s  disease.  It  can  not  Vje  i^Tong,  therefore,  to  designate  a  severe 
bothriocephalus  anemia  as  a  pt^micious  anemia  with  a  known  removable 
cause.  This  position  is  very  convincingly  supported  by  a  case  of 
Askanazy^s,  which  showed  a  severe  pernicious  anemia  with  typical 
megaloblasts,  an<l  in  which,  after  removal  of  the  bothriocephalus,  the 
megahiblastic  character  of  the  bloml  quickly  disapjK^ared  and  was 
replact^  by  a  normuljlastic  condition  that  rapidly  cventuate<l  in  complete 
recovery.  This  observation  is  so  significant  that  it  is  surprising  how 
Askanazy  can  believe  that  a  transition  between  megaloblasts  and  normo- 
blasts takes  place,  when   this  case  clearly  and   evidently  shows  that 
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*  It  appeara  not  siijic-rtlimtis  to  ^M  tbfit  what  has  been  wiid  in  regiirtl  to  the  diagnostic 
8ijB;tilticanct!  of  roegnlnblji»lfl  refers  only  to  the  h\ood  of  adnlti*.  The  appeiirances  of  chil- 
diva'a  blood,  wliich  frequently  deviates  from  that  of  adults,  will  be  studied  in  the  special 
piirt  (Aniemiii  Pseiidoleuk»*mica  Infantum). 
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megaloblasts  are  roaiiufiieture<]  only  under  the  iofluence  of  a  specific 
intoxication.  If  we  knew  tlie  ti>xic  agents  and  were  able  to  remove 
tLem,  it  is  a  priori  certain  that^ — in  not  tcw>  advancetl  stages  of  jiemiciooB 
anemia — the  bone-marrow  would  again  take  on  its  normal  normoblastic 
type  of  regeneration.  In  more  than  one  case  clinical  observation  sup- 
portei  this  view.  For  instance,  it  is  bj  no  means  a  rarity  to  yee 
an  apparent  recjovery  from  a  megaloblastic  anemia,  which  recurs,  how- 
ever, after  a  longer  or  shorter  periotl,  to  lead  eventually  to  death. 
These  cases  absolutely  demonstrate  that  the  megaloblai^tic  degeneration 
can  retrogress,  and  that  in  individual  causes  this  res^ult  may  be  brought 
about  by  arsenic  treatment.  Still,  a  definite  cure  is  not  obtained  under 
these  circumstance-^,  l>ecause  we  do  not  know  the  etiologic  agent,  and 
hence  have  no  methods  of  overcoming  it.  The  megaloblastic  anemias 
therefore,  a[>art  from  the  group  of  bothriocephalus  anemias,  oiler  a  bad 
prognosis* 

Basophilic  Granulations  of  the  Erythrocyte. — This  con- 
dition maybe  properly  ojnyidered  in  this  place  on  account  of  its  possible 
relation  to  polychromatophilia,  and  of  its  bearing  on  the  fate  of  the 
nucleus  of  the  hematoblast.  Askanazy  (1893)  first  described  .soch 
granules  in  the  micleatiKl  red  corpusi^lcs  of  pernicious  anemia.  Schan- 
nrnnn  (1894)  found  similar  tbrmatious  in  bothri<x!ephalus  anemia,  and 
Lazarus  (1896)  identified  them  in  a  series  of  cases  of  ]>ernicious  anemia, 
but  failed  to  find  them  in  other  conditions.  A  hirge  number  of  investi- 
gators have  since  investigated  the  subject,  and  the  granules  have  been 
fmind  in  various  secondary  and  primary  anemias,  as  well  as  in  ap- 
parently normal  cases.  Stengel,  White,  and  Pepper  examined  the 
blotKl  of  105  medical  and  surgical  cases,  and  found  the  gmnules  in  34 
representing  a  wide  range  of  pathologic  crmditions.  In  additkm  they 
found  them  in  11  of  18  cases  of  chlorosis  ;  in  7  of  fx^niieious  anemia^ 
hi  10  of  leukemia,  and  in  a  eL»nsiderable  number  of  case?^  of  lead- 
poisoning.  Their  relation  to  the  hist  conditii>n  was  firj^t  indiii^ited  by 
Behrendt  and  Haniel,  and  has  been  confirmed  by  a  number  of  cl in icians* 

Considerable  discussion  has  arisen  regainling  the  nature  of  tliese 
gnmales,  Askanazy  first  suggested  that  they  are  nuclear  pn^duets 
resulting  from  karyorrhexis,  a  view  which  has  b^en  adoptal  by  a 
naraber  of  investigators,  Grawitz,  however^  insists  that  they  are  de- 
rived from  a  degenenition  of  the  cytoplasm^  and  is  suppt^rttnl  in  tins 
view  by  several  recent  authors.  It  must,  the  writers  confess,  be 
ailmitted  that  the  weight  of  evitiencc  is  mther  in  favor  of  the  nuclear 
origin,  though  his  own  studies  had  letl  him  to  adopt  the  view  of 
Giuwits*     The  subject,  however,  is  still  unsettled.     Among  the  rect^nt 
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oontribiitions  an  important  one  ii>  that  of  Schmidt/  who  concludes  that 
the  graiiuk'i^  iiiv  not  always  of  the  same  nature,  being  sonietimes  rt^n- 
crntive^  and  in  other  cases  the  results  of  degeneration  of  the  nucleus. 
He  does  not  believe  there  is  any  evidence  in  favor  of  their  origin  from 
degenerations  of  the  protoplasm.  Some  have  referreil  to  the  intact 
character  fif  the  nuclear  outline  as  an  evidence  that  nuclear  degeneration 
has  played  no  part  in  the  formation  of  the  granulations,  but  Schmidt 
believes  tliis  view  incorrect,  as  the  separation  of  the  granules  may  form 
in  the  stage  of  developmeut  of  the  nucleus  before  its  sharplv  outliued 
form  has  been  assumed.  Schmidt  di>es  not  believe  tliat  there  is  any 
special  function  attaching  to  these  granular  bodies.  They  seem  to  bim 
to  belong  in  general,  however,  in  the  same  class  with  polychromatophilic 
cellspand  nueki^ted  red  corpuscles. 

The  occurrence  of  granules  in  mitotic  nucleated  cells  (Bloch,  Lazarus, 
Stengel »  White,  and  Pep|>er)  must  be  regarded  as  evidence  of  some 
value  in  contravention  of  the  view  that  they  result  from  karyorrhexis. 
Max i mow  sugge^sts  that  the  red  corpnscle  contains  ditiiise  nuclear 
material  from  which  the  gninules  may  arise  wn'thout  karyorrhexis. 
Ewing  states  that  he  has  seen  many  transition-forms  between  frag- 
mentation of  the  nuclei  of  megaloblasts  and  fine  subdivision  of  these 
nuclei.  It  seems  probable,  as  Grawitz,  Schmidt,  and  some  others  have 
suggested,  that  there  may  be  different  forms  of  basic  gmnulation  of 
possil)ly  varying  origin, 

Jawein  *  believes  that  the  basophile  granules  occur  only  in  young 
red  cells,  and  are  an  evidence  of  regeneration.  He  thinks  the  view  of 
Grawitz,  that  blood  jwisons  can  cause  these  cells,  is  very  improbable. 
The  fact  that  tlie  granules  occur  with  intact  nuclei  does  not  disprove 
kar^^olysis,  as  he  has  seen  a  red  cell  with  two  nuclei,  one  normal  and 
the  other  undergoing  solution. 

Wliite  and  Pepper*  examined  the  blood  in  cases  of  chronic  lead- 
poisoning  as  well  as  in  workmen  in  leiid -works,  presenting  no  subjective 
symptoms ;  also  the  blood  of  j^rsons  subject^  to  excessive  local  or 
general  applications  of  external  heat,  and  that  of  men  and  animals 
subjectcil  to  experimental  intoxication.  In  4  cases  of  lead -poisoning 
the  granules  were  invariably  present  and  usually  conspicuous.  Of  the 
lead-workers  without  subjective  symptoms,  there  were  21  eases,  in  all  of 
which  granules  were  fi>und*     These  workmen  were  from  all  parts  of  the 


*  EvperimenieUt  Bdtraijt  zur  Palkoloffie  du  BiaUs. 
43tf  4  lithogrr.  illustnitions. 
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eBtablishmeDt,  some  being  exposed  to  dust^  others  not  so.  In  2  cases  the 
men  had  worked  only  four  days  in  the  works.  Associated  blood- 
changes  were  as  follows  :  12  showed  slight  poikilocytosis,  2  had  deficient 
hanoglobin,  3  slight  polychromatophilia,  5  showed  normoblasts.  In 
the  experimental  study  it  was  shown  that  the  granules  could  be  made 
to  appear  in  the  blood  twenty-four  hours  after  the  administration  of 
lead  acetate.  One  of  the  authors  (Pepper)  administered  7^  grains  of 
lead  acetate  to  himself^  and  found  the  granules  in  his  blood  within 
twenty-five  hours.  The  blood  from  the  portal  and  splenic  veins  in 
one  of  the  dogs  killed  for  the  purpose  showed  more  granules  than  the 
blood  from  the  heart  or  mesenteric  vessels,  or  that  taken  from  the  ear 
before  death.  In  5  later  cases  this  difference  of  distribution  could  not 
be  established.  The  granular  cells  could  not  be  found  in  special  abun- 
dance in  the  bone-marrow.  They  conclude  that  the  granules  represent 
a  d^eneration  of  the  red  corpuscles,  and  have  no  relation  to  nuclear 
fragmentation  or  polychromatophilia. 

Reitter/  in  studying  the  blood  of  20  cases  of  advanced  pulmonary 
tuberculosis,  was  able  to  demonstrate  granular  erythrocytes  in  every  case, 
and  indeed  in  every  preparation.  He  was  also  able  to  show  these 
bodies  in  the  blood  of  healthy  individuals,  and  concluded  that  the 
abundant  presence  of  such  formations  alone  constitutes  a  pathologic 
condition.  The  occurrence  in  normal  persons  has  also  been  observed 
by  others,  namely,  Askanazy,^  Schaumann,*  Lazarus,*  Stengel,  White 
and  Pepper,*  Grawitz,'  Black,^  Maximow,®  Ewing,^  Behrendt  and 
Hamel,^*^  White  and  Pepper." 

[R.  C.  Cabot"  has  described  as  **  ring  bodies  (nuclear  remnants?) '' 
certain  circular  or  figure-of-8  formations  in  the  red  corpuscles  in  cases 
of  lead-poisoning,  pernicious  anemia,  and  other  conditions  in  which 
nucleated  red  corpuscles  were  present  The  ring-like  body  is  composed 
of  a  set  of  dots  or  granules  arranged  as  a  circle  or  figure-of-8,  staining 
red  with  Wright's  modification  of  Leishmann's  stain,  and  often  showing 
a  large  dot  at  one  point  of  the  ring.  He  believes  it  probable  that 
these  formations  represent  nuclear  remains. — Ed.] 

»  Wien,  klin,  Woehenschr.,  1902,  xv.,  47.         »  Zeiisehr.f.   klin.  Med.,  Bd.  xxiii. 

»  Bothriocephalua  Anemia,  Berlin,  1894.  *  Deutsch.  med  Wochenschr.,  1896,  No.  23. 

•  Amer.  Jour.  Med.  Seu,  May,  1902. 

•  Deutsch.  med.  Wochensehr.,  Sept.  7,  1899 ;  Berlin,  klin.  Woehenschr.,  1900,  p.  181 ; 
Amer.  Jour.  Med.  Set.,  Sept.,  1900. 

'  Deutxh.  med.  Wochensehr.,  1899.  »  Arehiv.f.  AnaL,  1899. 

•  CUnioal  Pathology  of  the  Blood,  1803.  >«  Deutsch.  med,  Wochenachr.,  1899,  No.  44. 
"  Amer.  Jour.  Med.  Sci.,  1901.  "  Jour.  Med.  Research,  Feb.,  1903. 
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THE  WHITE  BLOOIXCORPUSCLES* 

The  biologic  significance  of  the  white  blooJ-c<trpuscles  in  so  many 
sidoil  that  it  iudubitably  repre«ieuts  the  most  id te resting  chapter  m 
heoutt^jlogy.  The  knowledge  that  the  wliite  Idood-coq^uselcti  play  an 
iiii}x>rtant  rdle  in  the  physiology  and  iiathology  of  the  human  organism 
developed  but  slowly,  for  the  reason  that  itnportaut  functions  were 
attributed  with  hesitancy  to  elements  oe^^urring  in  such  relatively  small 
numbers,  A  place  in  pathology  was  tirst  assured  to  them  by  Virchow's 
di^overy  of  leukemia.  After  Cohnheim*s  discovery  that  inflammation 
and  suppunition  were  to  be  referred  to  the  ontwandering  of  white 
blood-corpnsclcs,  the  question  of  the  function  of  the  leukocytes  l3et*ame 
a  burning  one,  and  it  was  exactly  such  a  discover)^  that  was  needed  to 
throw  light  on  the  normal  conditions.  The  fact  that  in  diffuse  inflam- 
mations  large  amounts  of  pus  w^ere  frequently  protluced  in  a  short  time 
without  inijMiverishnient  of  the  blood  in  leukocyteis — in  fact,  even  the 
opposite— provoked  the  conjecture  that  the  source  of  the  leukocytes 
must  be  exceedingly  productive,  and  that  their  small  number  as  com- 
pared with  that  of  the  red  blood-corpuscles,  was  compensated  for  by  a 
pre-eminent  |>ower  of  regeneration. 

Subsequent  to  this  a  long  time  passed  before  the  seed  planted  by 
Cohuheim  bore  its  fruit  in  clinical  histoh>gy.  This  was  due  to  the  fact 
that  an  accurate  ditlerentiation  of  the  various  leukucyte^  was  extremely 
difficult  by  the  methods  of  blood  examination  then  in  use.  For  althi^ug'h 
skilful  investigators  like  Wharton  Jones  and  Max.  8chultze  were  able 
to  recognize  the  different  types  of  white  blood-corpuscles,  their  knowl- 
<*<lge  did  not  reach  the  practitioner  on  account  of  the  distiBctions  being 
much  too  subtle*  Virchow  himself,  the  dbcoverer  of  leukocytosis, 
attributf*d  this  enmlitioo  to  an  increase  in  lymphocytes,  when  in  fact 
only  the  polynuicear  cells  are  usually  concerns] *  Only  after  the  differ^ 
entiatioE  was  made  simple  by  the  aid  of  stained  preparations  did  interest 
in  the  white  bloml-corpnscles  progressively  increase,  as  is  proved  by  the 
extremely  rich  hematologic  literature,  especially  on  the  subject  of  leuko- 
cytosis. 

In  spite  of  this  recent  advance  a  peculiar  retrograde  movement  in 
the  theory  of  leukocytes  has  been  put  on  foot.  Although  after  VirchoVa 
description  of  the  lymphocytes  every  eflVvrt  was  made  to  separate  the 
different  varieties  of  white  blood-ojrpuscles  from  one  another,  and  refer 
them  when  possible  to  their  different  sources,  now  every  effort  is  directed 
toward  placing  all  the  leukocytes  under  one  roof  on  the  theory  that  the 
different  forms  are  only  different  stages  of  development  of  the  same  oelL 
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artificial  retraction.  Nucleus  and  protoplasm  are  bat^opbilic — in  fact, 
the  prytopliiKm  slu^ws  a  much  grwiter  affinity  for  many  bailie  i^taiDs  tbaa 
the  nucleus,  so  that  on  staining  the  latter  appears  as  a  relatively  clear 
area  in  the  midst  of  the  intensely  stained  net-like  protoplasm.  Within 
the  nucleus  one  or  two  nucleoli  with  a  relatively  thit-k  deeply  staining 
meml>rane  are  often  recognized  (Fig.  2).  The  protoplasm  stained  with 
methylene-bhie  and  similar  stains  presents  an  irregular  character,  due, 
according  to  Ehrlicb's  first  hyfjothesis,  to  a  net-like  structure*  rather 
than  to  granulation.  The  exterior  contour  of  the  lymphocytes,  at  least 
in  the  larger  forms,  is  usually  not  quite  smooth,  but  somewhat  filamen- 
tons,  dentate,  or  uneven  (Fig.  !)•     Frequently,  especially  in  the  very 


Fw.  3.— HQCleoU  In  large  l7inpboc7t«B.    lAfWr  ttie  pliolognpb  of  a  prepsraUotk  of  chroBie 

lymphatic  leukemia.) 

large  forms,  |>art>i  of  the  peripheral  margin  are  broken  off  and  are  found 
free  in  the  plasma.  In  stained  prejmrations,  purticularly  of  lymphatic 
leukemia,  these  are  readily  recognized  by  their  staining,  which  is  exactly 
that  of  the  protoplasm  of  the  lymphocytes. 

In  tlie  transformation  of  the  nucleus  a  sharp  indentation  may  occur 
even  though  rart'ly,  and  further  m eta morii hoses  as  represented  in  the 
plate  (Fig.  3,  after  Rieder),  very  different  from  those  characteristic  of 
the  jM>ly nuclear  cells. 

The  prottjplasm  shows  no  particular  affinity  for  acid  and  neutral 
stains,  and  therefore,  with  triacid  and  hematoxylin  solutions  the  small 
lymphocytes  apfiear  ils  feebly  stained  free  nuclei.  In  the  larger  cells 
the  protoplasm  is  likewise  feebly  stained  by  these  solutions.     The  reac- 
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tion  of  the  protoplasm  as  demoiistrated  by  the  icHliii-et:)i*in  method,  is 
tnarkedty  alkaline.     It  contiiins  no  glycogen. 

All  the^  prop<?rtiei9  taken  together  constitute  a  characteristic  picture 
by  which  the  lymphocytes  can  be  recognized  and  differentiated  from 
other  cells  even  when  fluctuations  in  size  occur.  As  mentioned,  they 
are  ordinarily  characterized  by  their  smallness,  their  size  being  about 
that  of  the  red  blood-corpuscle.  Yet  in  the  blocxl  of  children  under 
alj8olntely  normal  c<»nditious  larger  forras^  and  in  lymphatic  leukemia 
very  large  f(irms,  are  found  which  the  inexperienced  have  failed  to  rec- 
ognize.    For  instance,  Troje's  **  marrow  cells/'  which  even  play  a  r6le 


FIB^  S.~lllld«ftr  imufbrmatlon  of  lymphocyt^^    (Combined  picture  from  &  prepAtatloD  of 
ttcuU;  knikemia.)    (From  Hlcder'ft  Atku.) 

b  the  literature,  have  aW»lutely  nothing  to  do  with  tiie  bone-marrow, 
but  are  simply  large  lymphocytes,  as  has  been  proved  by  A.  FrankeL 

In  the  norma!  blood  of  adults  the  number  of  lymphocytes  amounts 
to  about  22-25  per  cent*  of  the  colorless  corpuscle. 

An  increase  in  the  lymph^x'ytes  alone  may  occur,  but  is  much  rarer 
than  an  increase  of  otlier  forms.  When  it  does  take  place,  it  is  desig- 
,  nflted  by  the  specific  name  *' lymphocytosis**  or  **  lymphemia." 

2,  The  large  mononticlear  letikocytes  are  to  W  strictly  differ- 
eotaaiecl  from  the  lymphocytes.  These  are  cells  two  or  three  times  the 
siae  of  erythrocytes,  with  a  large,  oval,  usually  excentrically  situated  and 
feebly  staimog  nucleus,  and  a  relatively  large  amount  of  protoplasm. 
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The  protoplasm  h  free  from  graiiuktion,  unci  i.s  slightly  basophilic,  but 
in  contrast  to  tlie  protoplasm  of  the  lymphocyte.s,  less  so  than  the 
nucleus.  They  are  present  in  normal  blood  in  small  numbers  (about 
1  per  cent.).  Their  whole  appe^irance  is  different  from  that  of  the 
lymphocytes,  ami  transitions  between  the  two  are  not  observ*xl.  In 
wliat  blot Kl-nia king  or^an  they  arise,  whether  spleen  or  bone-marrow, 
bus  not  been  determined,  though  many  fact^s  point  to  the  latter  as  their 
place  of  origin. 

The^e  large  mononuclear  leukocytes  are  tmnsformed  within  the 
bbiod  to  the  following  varietie8  : 

3.  Transition-fonns.— *These  resemble  in  a  general  way  the  pre- 
ceding, but  are  <liffereotiatal  from  them  by  a  large  indentation  of  the 
nucleus  which  frcf|uently  gives  it  the  form  of  a  wallet,  by  a  somewhat 
greater  affinity  of  the  nucleus  to  nuclear  dyes,  and  by  the  presence  of  a 
small  numljcr  of  neutrophile  granulations  in  the  protoplasm.  This 
group  and  the  last  together  constitute  about  2—4  per  cent,  of  all  the 
wh  i  te  bl<jod-c<irpu scl es,  * 

4.  The  (So-called)  Polynuclear  I^eukocytes. — Some  of  these 
arise,  as  w^ill  l)e  tliscussed  more  thoroughly  later,  within  the  (?ii*culation 
from  the  trans  it  ion- cells,  though  the  greater  part  of  them  come  into  the 
circulation  ready  ibrme<l  from  the  l>one-marrow.  The.se  cells  are  some- 
what smaller  than  those  in  groups  2  and  3,  and  are  characterized  by  a  pecu- 
liar [Kjlymorphous  nucleus  which  shows  a  relatively  long  and  irregularly 
iodentated  and  contracted  figure  in  the  form  of  an  S,  Y,  E,  or  Z.  Thi^ 
nucleus  may  break  up  normally,  even  during  life,  into  three  or  four 
email  round  individual  nuclei,  as  was  first  pointed  out  by  Ehrlich  in  a 
case  of  hemorrhagica  small- pox,  and  is  fretpiently  seen  in  fresh  exudates. 
This  breaking  up  of  the  nucleus  into  several  parts  was  previously  noted 
as  occurring  under  the  action  of  several  reagents,  for  instance,  acetic 
acid  ;  and  on  this  account  Ehrlich  bestowed  on  the  cell  the  not  very 
appropriate  name  **  polynuclear."  Nevertheless,  since  this  name  has 
been  accepted  everywhere,  and  misunderstandings  are  not  to  be  antici- 
pated, it  is  better  to  preserve  it,  though  it  would  be  more  exact  to  call 
them  **  j Mil ymorph on u clear  cells.*' 

Tlie  nucleus  is  deeply  stained  by  all  nuclear  dyes  ;  the  protoplasm 
shows  considerable  affinity  for  the  majority  of  acid  stains,  and  is  unmis- 
takably characterized  by  numerous  neutn>phile  granulations.  The 
reaction  of  the  protoplasm  is  alkaline,  yet  to  a  less  degree  than  that 
of  the  lymphocytes.     In  the  ordinary  poly  nuclear  cells  no  free  glycogen 


'  In  ct>imtJii^  the  blood-corpuacles  groups 
together. 


iwd  3  may  be  reckoued  sepamtely  or 
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is  present,  yet  in  certain  diseaseg  oeUs  are  always  found  which  give  the 
iodin  reaction. 

Such  cells  containing  glycogen  were  first  demonstratecl  in  diabetes 
(Ebrlich,  Gabritschewsky,  Livicrat^).  Tlie  iodin  reaction  in  white 
blood-corpuscles  bas  bccti  further  observed  in  sevem  contusions  and 
fractures  two  to  three  days  after  the  trauma  ;  in  pneumonia,  in  rapidly 
p^og^el^sing  Btreptococcus  and  staphylf>co(xru3  phlegmons,  and  after  long- 
continued  naroosifl  (Goldberger  and  Weiss),  According  to  Ehrlieh's 
view,  the  glycogen  is  not  present  in  the  cells  as  such,  but  in  an  unstain- 
able  combination,  from  which  the  glycogen  is  readily  separated  before 
giving  the  iodin  reaction/  [Dunham  *  iinds  i<xlophilia  in  connection 
with  suppuration  that  has  not  been  walled  off  and  is  not  of  tuberculous 
character ;  also  in  pneumonia.  Further,  he  found  the  condition  also  in 
leukemia,  and  cites  the  fact  that  Hof  bauer  found  it  in  pernicious  anemia^ 
leukemia,  and  certain  grave  secondary  anemias. 

Locke  and  Cabot*  recognize  two  types  of  lodopbilia,  one  in  which 
round  or  oval  masses^  *2/i  b)  8/j  in  diameter,  are  seen  outside  of  the 
cA\b  ;  and,  second,  an  intracellular  type,  the  granules  V>eing  regular  in 
shape  and  size,  and  occurring  in  the  neutrophile  cells.  Occasionally, 
baaophilic  cells  are  affected.  Their  study  of  432  cases  led  them  to  the 
crmclusion  that  iodophilia  is  an  indication  of  a  general  toxemia^  such 
m  may  occur  in  a  great  variety  of  diseases,  while  most  fretiuently  coin- 
Olden t  with  the  presence  of  pus.  The  test  is  by  no  means  pathogno- 
monic. They  regard  itMlophilia  as  certainly  indicative  of  a  diseased 
condition,  and  among  the  disorders  with  which  it  is  most  regularly 
foaad  are  pyogenic  infections,  toxemia  of  bacterial  origin,  as  in  diph- 
theria, and  t}"phoid  fever,  non-bacterial  toxemia,  such  as  uremia,  disturb- 
ftooes  of  respiration,  and  grave  anemias.-^ED.] 

We  can  not  consider  tlK'  "  perinncleiir  *'  greenish  granulations  of  the 
polynuclear  cells  described  by  Neusser  as  preformed  elements  (see  p.  43)* 

The  number  of  polynuclear  leukocytes  in  the  blood  of  a  healthy 
adult  amounts  to  about  70-72  per  cent,  of  all  the  white  blood-cor- 
pu^les  (Einhorn). 

5,  Sosinophile  Cells. — These  are  characterized  by  rough  gran- 

tions  which  stain  intensely  with  acid  dyes ;  otherwise  they  resemble 
8ynu clear  neutrophiles. 

When  carefully  stained,  it  is  occasionally  possible  to  see  that  the 

'  rsemj*!*  aMumptJnn,  that  tlie  celk  t?iat  respond  to  the  i<Miiii  reactiou  wander  m  fmm 
'  tfupfnintive  foci^  b  groundlt&as  and  a  simple  exaniiimtjcm  of  fre«li  intkmnmtory  tissue  is 
fliifiricfit  tu  show  thai  ibi>  cells  wanderinio:  out  of  the  eirculatioti  alrcadj  cotitain  glycogen, 
'  BMfOn  MtdL  md  Surif.  Jour,,  June  1,  1§0L 
*/^uK  of  Mtd,  Beaearchj  January,  1902. 
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periphery  of  the  eosinophile  granulations  is  more  deeply  stained  than 
the  interior.  The  nucleus  iti  as  a  rule  not  i^o  intensely  stained  aK  in  the 
poly  nuclear  neutrophilej^,  though  ks  configuration  is  exactly  i«imilar. 
Both  fonns  ehow  also  in  common  an  active  power  of  contractility  by 
which  they  are  able  to  emigrate  from  the  vessels  into  exudates  and  pus. 
The  size  of  the  eosinophiles  is  frequently  greater  than  that  of  the  neutro- 
pliiles.     Their  nomber  is  normally  about  2  to  4  per  cent,  of  the  whites. 

6,  Mast-cells.— Though  in  extremely  small  numbers,  these  are 
present  in  every  normiil  blood  ;  0.5  per  cent,  of  the  whites  may  l>e  eon- 
sideretl  their  maximum.  They  are  characterized  by  intensely  basophilic 
granulations  of  very  irregular  size  and  unequal  distribution.  In  addi- 
tion the  granulations  show  the  peculiarity  of  not  staining  a  pure  color 
with  the  majority  of  basic  dyes,  but  raetachromatically,  es|i€cially  with 
thionin.  This  deviation  from  the  color  is,  as  Morgenroth  discovered, 
even  more  marked  on  the  employment  of  kresyl-violet^R  (extra),  w  hen 
the  gnin Illations  stain  almost  pure  broivn. 

The  staining  power  of  the  nucleus  is  very  slight^  and  it  is  therefore 
di  Bleu  It,  without  special  staining  methods,  to  pass  judgment  on  its  form. 
With  the  triacid  mixture  the  granulations  are  unstained  and  the  cells 
appeal r  as  clear,  polynoctear  cells  free  from  granulations. 

[Taylor^  gives  the  following  figures  as  the  result  of  his  personal 
observations:  Total  number  of  leukocytes,  3000  to  10,000;  neutro- 
philic po!ynioq>hon!iclear  leukocytes,  55  to  80  per  cent.  ;  acidophilic 
polymorphonuclear  leuki>cytes  (eosinophiles),  J  to  8  per  cent.  :  non- 
granular mononuclear  unci  transitional  cells,  1  to  8  percent,  ;  acidophilic 
mononuelmr  cells,  rarely  seen  ;  lymphocyteis,  10  to  40  per  cent ;  mast- 
cells,  very  mrely  seen.^ — Er>.] 

[The  classification  of  Kanthack  and  Hartly  is  frequently  adopted 
by  English  authors.  This  recognizes  five  types  of  cells  :  (1)  Lympho- 
cytes ;  (2)  hyaline  cells  (large  mononuclear  cells  of  Ehrlich) ;  (3)  finely 
granular  oxyphile  cells  (the  neutrophile  and  araphophile  cells) ;  (4) 
coarsely  granular  oxyphile  cells  (cosinophiles) ;  and  (5)  coarsely  and 
finely  ^iinular  basoj)hilcs  (mast-eel Is). ^ — K^-]  ^| 

Pathologic  Forms.^Under  patlmloiric  conditions  arc  tbund  not 
only  alterations  in  the  nunil>ers  of  these  cells,  but  also  new  forras  not^ 
normally  seen.     To  these  belonp^ :  ^H 

1.  Mononuclear  cells  with  neytrophile  g^ranulatiotis  (*' myelo- 
cytes/* Ehrlich).  Thv^v  are  usually  vi-ry  larpe  with  a  relatively  lar^ 
faintly  staining  nucleus,  which  is  tnx|uently  almost  centrally  k^cated  and 

»  "  Studies  in  Leukemia:"  Cbntribuiiom/rom  tht  WUliam  Pepper  Laboralary  (^  (Xinkal 
Jfydieine,  1900. 
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uniformly  gurrounded  by  the  protoplasm.  The  characteristic  differ- 
itoce  l)etwt*eii  them  and  the  large  raoiioimclear  leukf>cyte*s  of  normal 
blood  is  that  their  protoplasm  shows  more  or  le^s  numerous  neutrophile 
grantilntioD8.  Besides  the  large  forms  of  myelocytes,  there  are  others 
much  smaller,  almost  approachiiijo^  in  size  the  erythrocyteH  ;  all  grades 
of  transition  l^tween  these  extremes  are  encountered. 

In  contradt  to  the  polynuclear  neiitrophilesi  they  manifest  on  the 
warm  stage  no  ameboid  movement. 

They  c^>nstitute  a  regular  characteristic  of  myelogenic  leukemia,  in 
which  they  occur  hi  great  nuraben^.  Rcinbach  fooud  them  in  one  case 
rf  lymphosarcoma  with  metastasis  to  the  marrow  of  the  bone ;  A,  Laz- 
arus iransiendy  in  moderate  numbei-s  in  one  case  of  severe  posthemor- 
rhagic anemia  ;  and  M.  Beck  in  one  case  of  severe  poiscmin^  by  mercury 
administered  thempeutieally.  In  addition,  they  are  frequently  found  in 
diseases  of  children,  especially  anemia  pseudoleukemica  infantum  ;  and 
K.  Elze  describi^  them  in  a  fifteen  months  old  boy  suffering  from  scrofula. 

The  occurrence  of  myelocytes  in  infectious  diseases  is  of  Sjx^cial 
interest.  After  Rierler  had  pointed  out  that  myelocytes  sometimes 
oocur  in  acute  inflammatory  leukocytosis,  C.  S.  Engel  published  the 
interesting  observation  that  myelocytes  frequently  occur  during  diph- 
tlieria  in  children,  stating  that  large  miml>er3  (3.0-14.4  per  cent,  of  the 
white  elements)  are  seen  only  in  severe  cases,  and  indicate  a  bad  prog- 
no?*is.  Turk  recently  nndertook  a  careful  study  of  their  occurrence  in 
iDfci^tious  diseases,  and  made  accunite  daily  differential  counts  i»f  the 
white  bUKKl-c<»rpuscIes  in  a  large  numIxT  of  cases.  HL^  findings  in 
pneumonia  are  especially  c  ha  meter  istic,  namely,  a  very  scanty  number 
of  myelcH*ytes  or  none  at  all  at  the  beginning  of  the  disease,  while  at 
the  time  of  the  crisis  and  immediately  after  it  there  are  large  numbers 
of  tliem.  In  isolated  cases  the  inci-ease  at  this  time  was  verj^  great,  and 
once  they  amounted  to  almost  12  per  cent,  of  all  netitrophile  cells. 

2.  MononucJear  eostnophUe  ceils  (**  eosinophilc  myelixytes  •  • ),  to 
which  H,  F.  Miiller  first  calkKl  attention.  These  constitute  the  eosino- 
phile  analogues  of  the  pret^ing  grctnp.  They  are  mucli  larger  than  the 
polynuclear  eosinophiles,  thou^^li  mtHlium-sized,  and  small  examples  are 
frequently  found  in  leukemia.  They  occur  almost  i-egularly  in  myelo- 
geoic  leukemia  and  in  anaemia  pseudoleukfemica  infantum.  Apart  from 
these  two  diseases  they  are  but  mrely  seen.  Mendel  fount!  isolated 
exiunples,  for  instance,  in  a  case  of  myxedema ;  Turk,  in  seveml  cases 
of  infectious  diseases. 

3.  Small   Neutrophile  Pseudolymphocytes. — These  are  about  the 
of  the  snuUl   lymphocytes,  show  a  round  intensely  stained  nucleus, 
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WtA  H  sanall  nmount  of  protoplasni  studded  with  neotrophile  granula- 
tjOMi  The  deeper  staining  of  the  niicleos,  the  .small  amount  of  proto- 
|ihsBi^  mild  the  small  size  of  the  cell  itself,  prevent  confusion  with  small 
Miftkkoytes*  These  eells,  first  described  by  Ehrlich  in  a  case  of 
iMWMrrhagie  small-pox,  are  ejctremely  rare,  and  originate  by  breaking 
up  of  the  poly  nuclear  cells.  The  nucleus  lir^t  divide8  into  three  or 
four  jjftrtB,  and  then  the  whole  cell  into  the  same  number  of  frag- 
neQtB*  Later,  the  nucleus  of  these  cells  bec*omes  free  and  the  shrunken 
Minmnn  of  protoplasm  are  taken  up,  especially  by  the  spleen.  The  free 
niicleU8  is  likewise  apparently  d^troyed.  These  cells  hav^e  also  been 
fiMind  in  fresh  pleuritic  exudates,  though  so  far  they  have  been  described 
by  no  one  else,  and  deserve  greater  attention  since  they  may  be  of 
divided  iraportanec  in  the  transitory  hyperleukocy loses  which  have  been 
attributed  by  some  to  a  breaking  up  of  w^hite  bloodHX)rpuscles,  by  others 
la  II  c^hange  in  their  Icicalizution. 

4.  Irritation  Forms  ("  Reizungsformen  '*). — These  were  first  de- 
aoribed  by  Turk,  and  ate  mononuclear  non-granulated  cells.  They 
show  varying  amounts  of  protoplasm  which  invariably  stains  a  very 
intense  dark  brown  with  the  triacid  stain,  and  a  round,  simple,  frequently 
excentrie^dly  situated  nucleus  which  stiiins  a  moderately  intense  bluish 
green,  and  possesses  no  evident  stroma  of  chromatin.  The  smallest 
ft^rms  stand  between  the  lymplifM'ytes  and  the  large  mononuclear  leuko 
cytcs,  but  nearer  the  former,  both  in  size  and  general  appearance- 
According  to  Turk,  these  cells  are  fretpiently  found  under  the  same 
conditions  as,  and  in  association  with,  myeh)cytes.  Their  significance 
can  not  at  present  be  dctermineih  They  possibly  represent  an  early  stage 
of  development  of  the  nueleateil  red  bliwd-corpuseleSj  as  indicated  by 
the  intensely  stained  and  homogeneous  protoplasm. 

This  description  of  white  bhxjd-eoipuscles  by  no  means  exhausts 
all  the  forms  that  occur.  It  omits  entirely  the  variations  in  size  esj>e* 
cially  evident  among  the  polynuelc^ir  and  eosino[»hile  cell>  represented 
by  dwarf  and  giant  forms.  For  even  with  considerable  diiferenees  in 
size  these  cells  are  always  sufficiently  ebaracteristic  to  correspond  to  the 
definition  of  single  examples.  Moreover,  one  finds,  espet*ially  in  leu- 
kemic blond,  isolated  cells  of  very  large  size  which  can  not  be  classified, 
and  the  signifioinee  of  which  can  not  be  explained. 


ORIGIN  OF  THE  WHITE  BLOOD-CORPUSCLE. 

For  the  comprehension  of  the  histology  of  the  blood  it  is  of  great 
im])ortauce  to  determine  to  what  degree  the  three  organs,  lymph-elands, 
bone-marrow,  and  spleen  participate  in  its  formation. 
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The  experimental  deeision  of  the  question  by  removal  of  these 
organs  b  unfortiuiately  pos.sible  only  in  the  cii.se  of  the  apleen.  AVe 
can,  therefore,  study  the  signilieance  of  the  lymph-glnndri  and  the  bone- 
roarruw,  the  removal  of  which  in  ioio  is  impossible,  merely  through 
anatomic  and  clinical  investigations.  Moreover,  a  kiiowlcilge  of  this 
and  similarly  complicated  tjuesti(^ns  can  only  be  obtaintd  by  a  mrt^ful 
combination  of  animal  exjK?riments,  anatomic  investigations  and  clinical 
ol)^ervations  based  on  ctmsidemblc  material.  We  can  not  insist  too 
much  on  the  fact  that  everyone  oi-cupyiiig  himself  with  hematology 
roust  first  coUect  the  results  of  a  large  series  of  investigations; 
othenvi!?e  the  gate  of  error  will  surely  be  left  open.  The  attempt 
has  frequently  been  matlc  to  replace  the  lack  of  personal  experience 
by  careful  theoretic  study,  but,  especially  in  hematology,  this  is  a 
fruitless  meth<Kl.  Characteristic  of  this  kind  of  work  is  the  drawing 
of  the  widest  conclusions  from  the  investigation  of  a  single  ease. 
(^Example :  Trctje  failetl  to  recognise  the  lymphocytic  character  of  a 
case  of  leukemia  which  he  investigatt^d,  and  diagnosed  it  myelogenic 
letikemia,  with  the  consequence  that  he  denied  everything  so  far  deter- 
mined  in  relation  to  this  disease,  and  affirmed  the  reverse.)  It  is  quite 
as  difficult,  as  UskoS^'s  work  shows,  to  avoid  err^jr  when  the  conclusions 
are  drawn  frt>m  animal  experimentation  without  the  confirmation  of 
clinical  experience.  Neither  t!ie  anatomist  nor  the  physiologist,  but 
the  clinician  alone  is  in  a  position  to  draw  c<juelusions  on  this 
question. 

At  the  introduction  to  this  chapter  it  was  pointed  out  that  a  retro- 
grade movement  in  liemiitology  is  in  irnigress  which  attempts  to  establish 
the  derivation  of  all  the  white  bkHxI-cclis  from  the  lymphocytes*  Omit- 
ting embryologic  investigations  (Saxer),  many  anatomists  as  well  as  physi- 
ologists and  clinicians  have  adoptetl  this  standi)oint.  Among  the  ana- 
tomic investigations  may  be  mentioned  Gul land's,  according  t^»  which  all 
varietiet*  of  leukocytes  are  only  <lifferent  stages  of  development  of  one 
and  the  same  element.  He  differentiates  hyaline,  acidophile,  and  baso- 
phfle  cells,  and  traces  all  V)a(*k  to  the  lymphricytes.  Arnold  siijqiorts 
a  similar  view,  even  thougli  in  negative  form,  when  he  states  that  a 
diflercntiation  of  the  so-called  lymphixytes  and  the  ixjlynuck-ar  leuko- 
cytes as  to  their  origin  on  the  hiism  of  their  form  and  the  appearance 
of  their  nuclei  is  impossible.  Moreover,  he  contends  that  a  classifica- 
tion on  the  basis  of  the  granutatinns  is  not  permissible,  since  the  same 
granule  occur  in  different  cells  and  different  granules  in  the  same  cclL 
Oulland's  and  Arnnld^s  investigations  were  devoted  especial Iv  to  the 
differential  staining  of  the  gninules,  and  the  writer  intends  to  sliow  in 
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the  special  discussion  of  f^muular  cells  and  the  grauulationsj  why  he 
does  OQt  refer  iit  greater  teiigtli  to  their  eonelusions, 

Exijeriraental  researehes  od  this  subject  have  been  recently  (since 
1889)  carried  out  by  Uskoff'.  These  led  him  to  see  in  the  white  blood- 
corpuscles  ditiereot  stages  of  development  of  one  cell,  and  he  differ* 
entiatei^i  three  ages:  1.  **  Young  cells/*  corresponding  to  onr  lympho- 
cytes ;  2.  ^*  Mature  cells  '*  (globules  mftrs),  large  cells  with  large  and 
irregukrly  sha{>ed  nuclei,  which  correspond  to  our  large  mononnelear 
and  transitional  ibrms  ;  3.  *' Old  cells  ^*  (globules  vieux),  corresponding 
to  our  polyuuclear  cc^ls.  The  eosinophite  cells  are  outside  the  boimdaries 
of  this  classification. 

Among  the  clinicians,  A.  Fninket  tw>k  up  the  same  trail,  and  fion- 
clndedj  with  Uskoff,  on  the  ground  of  studies  in  acnite  leukemia,  which 
will  be  deseribcil  later,  that  the  lymphocytes  are  young  cells,  early 
stiiges  in  fact  of  the  other  leukoc^ytes.  Only  a  few  authorities  (like  C. 
S.  Engel  and  Kibbert)  have  objected  to  this  union  of  all  the  forms,  and 
have  stood  by  Ehrlich's  old  classification.  Since,  however,  a  close  rela- 
tionship is  insisted  upon  in  numerous  works  on  medicine,  the  writer  will 
detail  in  brief  the  gronntis  for  the  separation  of  tlie  lyniphrKn^tcs  from 
the  bone-marrow  group  and  shi>w  the  ini}>ortancc  of  this  apparently 
purely  theoretic  question  to  the*clinician.  The  eonclusioiis  will  be  more 
intelligible  and  significant  if  first  the  part  playwl  by  the  diflert^nt  organs 
of  the  hemato]K>ietie  system  in  the  formation  of  the  bliX)d,  especially 
of  the  colorless  c<jrpuscles,  is  cjirefully  considered. 

The  Spleen, — ^The  question  whether  the  spleen  produces  white 
blnrxl -corpuscles  has  been  actively  diseus^sed  since  the  first  days  of 
hematologj\ 

The  endeavor  to  determine  the  jmrticipation  of  the  spleen  in  the 
formation  of  white  blood-corpuscles  was  first  made  by  counting  them 
in  the  afferent  and  efierent  vessels,  and  it  was  claimed  that  an  increase 
found  in  the  veins  in  comparison  with  the  arteries  wc»uld  show  the 
bl^Mxl-forming  p>wer  of  this  organ.  Still  the  results  of  these  counts 
are  very  different*  The  investigators  who  fontid  an  increase  in  the 
veins  are  ^tppised  by  others  who  are  equally  con)|)etent,  and  to-day  no 
value  is  attributed  to  this  rough  methml  of  investigation. 

From  later  investig;itiiins  it  was  demonstrated  as  a  |K>sitive  fact  that 
after  extirpation  of  the  splc»en  an  enhirgenient  of  differtnit  lymph-glands 
took  place,  though  the  changes  in  the  thyroid  gland  obstTve<l  by  many 
cannot  be  described  as  constant. 

We  must  mentinn  also  bhMjd  examinations  in  animals  and  ntan  by 
Mosler,  Robin,  WiuiJgradow,  Zesa^,  and  others  after  extirpation  of  the 
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spleen^  which  showed  that  after  some  time  a  leuktycytasis  took  place. 
Investigations  were  undertaken  in  the  year  1888  by  Prof,  Kurhiff  in 
EhrIich-8  Laborator)%  in  which  the  behavior  of  the  blood  after  extirpa- 
tion of  the  spleen^  was  carefully  studied.  Since  this  work  of  Profc 
KurlofiF  has  so  far  appeared  only  in  Russian^  its  more  important  results 
will  l»e  detiiiled.  In  these  investigations  KurlofF  employed  guinea-pigs 
because  tlicy  are  especially  suitable  oo  aooount  of  the  constant  cfjuijK)- 
fiitioQ  of  their  blood. 


In  order  to  understand  the  investigations  and  their  reaulte,  it  is  n^ces- 
ry  first  to  sketch  the  Doriual  histology  of  the  blood  of  the  guinea-pig 
I  given  by  Kurloff. 

Id  the  blo<xl  of  the  healthy  guiiieii-jiiju';  the  follomng  elements  are  found: 

Granular  Cells* — Pnl^naeleftf  CrlU  with  Psetido'efmaophiir  Granular 
twns, — These  granulations*  previously  found  by  Ehrlirh  in  rabbits,  are 
readily  diiferentiated  from  the  true  e^^jsinophiles  by  their  liner  appearance 
and  their  ibtterent  staiuing  with  easiu-iiurantia-nigrosin*  A  more  im|x>rtant 
difference,  accordiu^^  to  Kurlofi,  com^isbi  in  the  ready  aolubility  of  the  gran- 
ules in  acid  8olutioii*«,  while  they  remain  unaffeeted  liy  alkalies.  Tiiis  would 
iodi(*ate  thiit  the  gratuiiations  tourist  of  a  hai^ie  tiidiHtance  capable  of  forni- 
iag  ?«aluble  saltj*  with  acids.  The  true  eosinophile  grauuhitioiiti  remain 
t*harige<:i  under  these  test.s. 

These  jiseudo-eosinophile  polynuclear  cells  correspond  in  their  function  to 
the  polynuclear  neutrophiles  of  man.  Their  nund>er  amounts  to  40  to  50 
per  oeuu  of  all  white  cells.  The  place  of  origin  of  these  cells  is  a[)iMirently 
the  red  bone-marrow,  siuc^  they  are  found  there  in  large  uundiers  and  in 
all  stages  of  transition  from  mononuclear  granular  t^lls  to  well-developed 
polynuclear. 

2.  Typiral  eoi^lnophile  ieukoetftr^  eorresixjiiding  to  those  of  man  and 
MDounting  to  about  1  per  cent,  of  the  white*?. 

3.  Oils  iiescribed  by  Kurlolf  as  jiigromnopkile  cells.  These  (.correspond 
in  their  general  apj>earance — that  is,  the  size*  of  the  c^ll  and  of  the  granu- 
latious — to  the  eosinophils  oetls,  but  are  differ entiated  by  a  ehemie  ditlerence, 
in  that  the  granules  take  the  nigrosin  dye  when  stained  by  eosin-aurantia- 
lii^roeiD,  while  the  eosinophil  e  granules  take  the  re*i  stain.  In  pre  pu  ratio  us 
ftained  by  the  triacid  mixture  the  two  granulations  are  also  different,  in  that 
the  aigrosinophiles  are  stained  more  bhu:  kish. 

Nons^ranular  Cells. —  Ceil^  ivith  Vaenoie^^. — These  cells  are  especially 
characteristic  of  guinea-pig's  blood,  and  show  a  transformation  from  large 
mononuclear  to  transitional  and  [jolynuclear  forms  while  remaining  charac- 
terised by  the  hick  of  granulation*  Instead  of  granules,  one  finds  in  the 
protoplasm  of  these  cells  a  more  or  less  round  nuclear-like  figure  which  takes 
the  nuclear  stain,  and  is  poi^ibly  an  accessory  nucleus,  though  ilie  writer's 
tmpreasion  is  that  it  is  a  vacuole  filled  with  secretory  matter  of  the  cell. 
The  development  and  fate  of  this  i^im-k  may  be  followed  through  a  series  of 
preparations.  It  apjwars  first  a*s  an  isolated  punctate  granule  without  con- 
oaetion  with  the  nucleus.  It  gradually  enlarges^  and  when  about  the  size 
of  the  nucleus  of  the  cell  it  (or  at  least  its  contents)  appears  to  break 
through  the  protoplasm  and  is  discharged  from  the  eelL 

The  number  of  these  vacuolated  cells  is  15  tt>  20  [>er  cent  of  the  color- 
ks  corpuscles. 
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KurloC  in  an  extremdj 
careful  and  pai&stAldiig  to- 
ve^tigation,  detenuinad  ihm 
abeolate  number  of  leoko- 
cTtes  as  well  le  of  tbe 
pHeu  do-eoei&Of^iilei^ 
philes,  ec»DOph]]a» 
lated  celU,  and  lympho- 
cytes, and  showed  that  in 
uDcomplicated  ca«ies  of  ex- 
tirpatioD  of  the  epleen  10 
which  all  iBfiammatoiy 
processes  which  might  in- 
crease the  j^lynaclear  neu- 
trophile  coq^mscles  were 
avoided^  a  g^radually  pro- 
g^reseive  increase  of  the 
lymphocytes  to  double  and 
triple  their  number  took 
place  in  the  course  of  time, 
while  the  number  of  all 
the  other  elemeots  remained 
unchanged. 

Kurloff  began  his  in- 
vestigation by  determin- 
ing first  in  a  large  num- 
ber of  t^lk  (500  to  1000) 
the  relation  of  tlie  differ- 
ent %vhite  blood-corpuiscles 
to  one  iinotlier.  But  he 
found  it  imposisible  to 
conclude  from  one  such 
estimation  whether  one  or 
another  cell -form  was  in* 
created  or  diminished.  A 
diminution  in  the  percent- 
age <jf  tbo  lymph-cells,  for 
instance,  may  be  brought 
about  by  tw^o  factors  :  1 , 
By  a  diminished  prodtiotion  i>f  lymphocytes.  2.  By  an  increase  in  the 
nimilRT   (if    |iLilynuclcar  cells  which   naturally  diminishes  the  relative 
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namber  of  the  lymphocytes.  It  became  neeessary,  therefore,  to  s€ek  a 
method  which  would  show  the  changes  in  the  alisoliite  number  of  the 
different  forms  of  leukocytes.  Kurloff  employed  fur  this  purp<jse  a 
** caraparative  field"  (VerjL^leiehsfeld) — /.  *\,  with  the  aid  of  a  movable 
stage  he  counted  the  individtiid  forms  occurring  in  a  definite  area  of  the 
preparation  (0*22  mm.).  This  method  gives  very  accurate  results 
provided  perfect  q>e€iniens  uniformly  spread  are  employed.  The 
following  figures  (from  Experiment  II.)  will  show  the  method  and  its 
results  : 

April  12th,  counted  52  per  cent,  of  pseudo-eosiuophiles ;  10  per  cent. 
of  lyniphrK?ytes. 

September  2d  (one  month  after  the  operation),  22  jkt  cent,  of 
peeudo-eosinc^philes.  ;  58  per  c^mt.  of  lymphocytes. 

By  the  aid  of  the  comparative  field  these  figures  were  completed  by 
finding  the  following  avemgfs  : 

April  12th,  38  white  bltKnl -corpuscles — among  them,  19.8  w^ere 
peeudo-eosinophiles,  10,6  were  lymphocytes. 

September  2d,  81  white  blood -en  rpni^cles — among  them,  18  were 
pseudo-eosinophiles,  46.9  were  lymphwytes. 

From  this  example  it  is  evident  tliat  the  total  number  of  white 
blood-corpuscles  was  almost  double,  and  that  this  incraise  was  due 
entirely  to  the  lymphocytes,  while  the  pseudo-e<isinophile  cells  partici- 
pated not  in  the  slightest. 

The  results  obtaincHJ  by  Kurloff  in  this  way  after  extirpation  of  the 
spleen  may  l)e  learned  from  the  rep<3rt  of  one  of  his  original  experi- 
mentB,  with  the  curve  and  the  table  aceompunying  it. 


Erperitnent  L — Young  female  animal,  weight  234  grama.  Number  of 
red  blood<*orpu8**les  in  a  r,inm.  of  blood  Viefore  the  ojieration,  5,780,000  ;  num- 
ber of  white  corpUBcle>4,  10,700.  On  April  19,  1888,  the  spleen  \\i\^  extir- 
pale*lt  the  wound  heahug  by  primary  intention.  The  n^i^ults  of  the  further 
examinations  of  the  bIo<xl  are  found  in  tlie  ar('oni|miiying  table : 

Fnjni  tlie  table  and  curve  it  appears  that  the  uundter  of  white  blood-cor- 
piigc*les«  more  than  donhtes^  in  the  first  seven  months,  owin^  entin-ly  to  an 
exce»  of  lyniphoc3fnea,  while  the  granular  or  bone-miirrow  elements  and  the 
large  mononuclear  cells  remain  coustaiiL  The  fiereentaji"e  prop)rtiniis  behave 
ftitnewhat  differently.  These  show  an  im^rease  in  the  lymphfH?ytes  only  from 
S5  to  H6  f>er  cent.,  while  in  the  ra«e  of  the  other  varieties  there  is  an  evident 
fall,  for  the  granular  from  44  to  22  |K^r  rent,,  and  for  the  hirge  mononuclear 
from  18  to  9  jier  cent.  In  the  nmrse  of  the  !<ecoud  year,  for  the  first  time, 
a  eouj^derable  relative  nnd  absolute  increase  of  the  eojiinophile  cells  rxrurreil, 
the  niimber  gradually  rising  from  alxmt  1  |>er  cent,  to  2H.9  |>pr  ecnt.,  ^ir  in 
the  comparative  field  from  0.5  to  13.9  per  cent.  The  last  Itlmxl  exiimination 
wall  made  on  this  animal  on  April  30,  1H90 — r.  e.,  twt)  years  niler  the  re- 
moval of  the  spleen.     The  animal  w^as  entirely  healthy,  and  liad  delivered 
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four  young  oues  the  product  of  a  Bplenectoniiied  father.     The  young  showed 
completely  uurnml  epleeus  and  uo  ah  normalities  of  the  blood. 
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'^      23 
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24 
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0.09 

Mayl    . 
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28 
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18.0 
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0.2 

0.3 

0.08 

*'     8  , 
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28 

45.2 

12.6 

40.3 

11.3 

14.3 

4.0 
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0.1 

"  10  . 
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30 
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1L5 
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35 
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LO 
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30 
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June  5  . 
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33 
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1.7 
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33 
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49.0 

16.2 
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2.2 
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0.3 
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37 
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52.3 
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14.5 
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0^ 

0.07 

«   28. 
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42 

30.5 

12.8 
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23.7 

11.7 
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0,4 

0.2 

July  2  . 

1062 

56 

16.5 

9.2 

57.1 

3L9 

25.6 

10.3 

1.2 

0.7 

1.2 

0.7 

«      9. 
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51 

17.6 

8.9 

59.1 

30.1 

21.H 

11.1 

0.8 

0.4 

0.8 

0.4 

"    16. 

974 

69 

17.5 

12.0 

66.4 

45.8 

16.7 

10.8 

0.2 

0.1 

0.2 

0.1 

"    23. 

1154J 

58 

2L7 

12.2 

67.2 

38.9 

9.5 

5.5 

1.5 
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0.2 

0.1 

''    30. 

802 

54 

20.2 

10,7 

65.4 

34.6 

12.8 

6.8 

1.4 

0.7 

Aug.  6  . 
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52 

21.7 

11.3 

67.3 

34.9 
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1.0 
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0.2 
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Oct.  5 . . 
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Nov.  4. 
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58 
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April  10 
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71 
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62 
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FeU  2 .  .  1 
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61 
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5.6 

26.0 

13.2 
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0.2 

April  30 
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48 
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17.6 
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11.7 
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4.6 

28.9 

13.9 
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The  results  of  further exj^eriments  prove  that  Experiment  L  i&not  merely 
an  instance  of  an  ahnornuil  occurrence  in  an  isolate^l  animal.  The»e  results 
are  driven  iu  the  following  tahle : 


No.  of  the 
£xp«Brlnient. 

Number  of  whtte  blood-ooriniBelM. 

Before  extlrpatton 
of  the  spleen. 

At  the  ctow  of  the 

At  Uie  close  of  the 
second  jreur, 

1 

2 
4 

10,700 
12,000 
15,000 

14,200 
27,600 
19,200 

18,000 
32,000 
19,000 

ATerig^.  .  . 

i2,aoo 

20,333 

^,300 

Kurlnff  ohtnmK!  the  ftillowing  re^^ult*?  froni  the  estimation  of  the 
difierent  kind^s  of  white  b!ooil-cx>rpuscle8 : 
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96 
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2688 
2138 

2240 
7543 

From  these  investigations  the  writer  concludes  as  follows : 

1.  In  the  guinea-pig  the  spleen  is  not  indispensable  to  life,  since  the 
animals  which  survive  a  splenectomy  progress  normally^  and  even 
increase  in  weight. 

2.  The  hypertrophy  and  hyperplasia  of  the  lymph-glands,  especi- 
ally of  the  mesentery,  which  develop  after  the  o}ieration,  are  associated 
with  a  lymphocytosis  that  occurs  so  constantly  in  the  course  of  the  first 
year  after  the  operation  as  to  constitute  a  characteristic  of  the  absence 
of  the  spleen.  This  increase  in  lymphocytes  may  amount  to  double  the 
normal  or  even  more.  It  must  be  concluded  therefore  that  the  removal 
of  the  function  of  the  spleen  is  compensated  for  by  the  lymph-glands. 
This  condition  of  lymphemia  may  persist  exceptionally  for  years,  though 
m  the  majority  of  cases  it  retrogrades  during  the  course  of  the  first  year 
even  to  a  condition  in  which  a  less  number  of  lymphocytes  than  normal 
is  produced. 

3.  In  contrast  to  this,  the  bone-marrow  cells,  the  polynuclear  pseudo- 
eosinophile  cells,  show  not  the  slightest  variation  in  the  course  of  the 
first  year.  Remembering  that  these  occur  normally  only  in  the  bone- 
marrow,  and  that  an  inflammation  in  a  splenectomized  animal  shows 
exactly  the  same  acute  pseudo-eosinophile  hyperleukocytosis  as  in  a 
normal  animal,  it  must  be  confessed  that  the  origin  and  function  of 
these  cells  are  entirely  independent  of  the  spleen  and  are  associated 
with  the  bone-marrow. 

4.  It  is  especially  important  to  note  that  the  group  of  so-called 
mononuclear  and  allied  leukocytes  show  no  evident  increase.  Since 
these  cells  normally  occur  both  in  the  spleen  and  in  the  bone-marrow, 
it  must  be  assumed  that  the  latter  is  normally  the  chief  seat  of  origin, 
and  that  the  removal  of  the  spleen  is  therefore  easily  concealed  by  a 
slight  increase  of  marrow  activity.  According  to  general  biologic  ex- 
perience, if  the  splenic  production  were  considerable,  one  would  see  an 
overproduction  of  these  cells  in  the  compensating  organs. 
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5.  Most  iuteresting  is  the  iuerease  of  eosinopliile  colly  which  we  find 
constantly  in  the  second  year  after  the  operation,  and  which  may  be 
relatively  and  absolutely  very  great.  Their  percentage  incrcasetl  once 
to  34,6,  and  their  absolute  numbers  at  the  end  of  the  second  year 
amounted  on  an  average  to  30  to  50  tinier*  the  original  number  (see 
Table), 

From  Kurloff^s  investigation,  therefore,  it  is  apparent  that  the  spleoi 
plays  a  very  insiguiticaut  role  in  the  formation  of  white  blo^Kl-corpus- 
cles  in  the  guinea-pig,  and  that  after  splenectomy  compensatiim  is  seen 
daring  the  first  year  only  in  the  lyraph-glauds,  though  in  the  second 
year  there  is  also  a  marked  increase  in  the  eosinophile  cells.  It  must 
be  readied  that  the  spleen  has  nothing  to  do  with  the  formation  of 
pseudo-eosinophile  polynnclear  cells,  the  analogues  of  the  polynuclear 
neutrophile  cells  of  man. 

The  question  naturally  arises,  How  do  Kurloff*s  obscrvatiuns,  which 
might  be  regarde<i  as  due  to  i>eculiarities  of  the  animal  exfierimented  on, 
compare  with  those  of  man  ? 

There  is  wholly  analogous  material  in  cases  where  splenectomy 
was  done  on  healthy  jjeople  as  tlie  result  of  a  trauma.  Unfortunately 
this  material  is  rare,  and  it  would  be  of  the  greatest  value  to  study  the 
changes  in  such  cases  throughout  years.  The  writer  himself  began  such 
examinations  in  two  patients  immediately  after  the  operation,  but  w*as 
prevented  from  continuing  them  by  deiith  within  the  first  week.  Accord- 
ing to  the  statistics  of  v.  Beck,  there  have  been  only  seven  cases  of 
splenic  rupture  with  subsequent  splenectomy  reported.  Of  these  seven 
cases,  only  two,  one  Riegner*s  (Brei^lau),  the  other  v.  Beckys  (Karlsruhe), 
recovered.  Through  the  kindness  of  these  gentlemen  tlie  writer  Imd 
the  privilege  of  examiniug  preparations  from  these  two  patients. 


V.  BecVB  ca5«  was  o|>erated  on  June  15,  1897.  A  hluod  preparation 
was  obtamed  al)out  six  months  later.  The  examination  showed  a  marked 
lymphemia,  though  for  various  reaK>ns  an  exact  count  could  not  he  made. 
The  preponderating  majority  of  lymphocytes  belongeil  to  the  large  forma. 
The  eowiuophiles  were  assuredly  not  increased.  The  writer  hopes  to  have 
the  pleasure  of  following  this  case  further. 

In  the  case  oprated  on  at\er  a  trauma  on  May  17,  1892.  and  later 
deacrihed  by  Dr.  Riegiier.  the  author  hus  mnde  counts  oo  old  and  recent 
preparations.  It  must  W  noted  lliat  this  wos  not  au  uncomplicated  ca«e, 
since  an  amputation  of  the  leg  at  the  thi^h  was  done  shortly  after  the 
Bplenectomy  on  account  of  gangrene.     The  following  figures  were  found  : 


Specimen  from 
June  12,  1892 
Oct  11,  1B92  .    .        8 
SepL,  1897  ....  66.8 


polynuclear. 
.81.9  \y^t  cent. 


Lymphocytea. 

15.9  jwr  cent. 
1.H.7       ** 
33.1       " 


Eo^lnopbUea. 

1.3  per  cent 

4 

3.6      •* 


Large 

mononuc'li'ar. 

1.7  per  cent. 
1.5       " 
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It  IS  to  he  regretted  that  pre[m rations  at  baud  are  only  from  the 
banning  and  the  end  of  the  five  years'  period  of  observation.  From 
Riegner's  own  eomniunication  it  appears  that  the  lymphocytosis  in  this 
Gfise  set  in  one  month  after  the  operation  and  persisted  for  a  long  time, 
as  in  certain  cases  of  Kurloff^s  in  animals.  The  increase  in  the 
lymphocytes  at  the  end  of  the  tive  years  is  particnlarly  remarkable. 
The  eosiuophile  cells  fluctuated  at  this  period  at  the  upper  boundary  of 
normal.  According  to  all  ex[>erience,  it  Ik  prohahle  that  they  under- 
went an  intercurrent  elevation  in  number  iu  the  meantime. 

Cases  in  which  a  splenectomy  was  done  on  account  of  disease  of  the 
spleen  are  more  frequent.  Among  these  the  cases  of  splenic  cysts  would 
theoretically  give  the  most  significant  re.sulLs  l>ec4iuse  the  part  of  the 
gpleen   not  affected   by  the  cystic  formation  frequently  .shows  normal 

acture,  and  accordingly  possesses   functional  power.     The  removal 
"of  chronic  splenic  tumors,  on  the  contrary^  is  of  no  value  as  far  as  the 
blood-finding  is  ctjncerned,  since  the  function  of  the  spleen  may  have 
been  lost  long  before  on  account  of  the  pathtilogic  changes. 

Among  instances  of  the  latter  kind  may  be  mentioned  the  well-known 
and  carefully  observed  cases  of  B.  Cred6,  in  which  the  organ  was  extir- 
pated in  a  forty-four  year  old  man  on  account  of  large  splenic  cysts. 
Within  two  months  after  the  operation  there  developed  a  leukemic  con- 
dition of  the  blood  brought  alw^ut  exclusively  by  an  increase  of  lympho- 
cytes, as  is  shown  by  Credo's  communication  and  the  accompanying  Table. 
Four  weeks  after  the  opemtion  a  |>ainful  doughy  swelling  of  the  tliyroid 
gland  occurred,  which,  with  fluctuations  in  intensity,  persisted  almost  four 
months.  This  retrogressed  almost  to  normal  simultaneously  with  the 
general  recuperation  of  the  patient  This  swelling  of  the  thyroid  gland, 
though  it  undoubteilly  stands  in  the  closest  relation  to  the  splenectomy, 
and  is  of  the  greatest  interest,  is  not  a  regular  accompaniment  of  this 
operation,  as  it  failed  to  occur,  for  instance,  in  v.  Beck's  case.  [Wnrthin^s 
interesting  observations  on  hcmolymph  glands  will  be  rcfen-ed  to  in  the 
section  on  Pernicious  Anemia. — Ed,] 

The  latest  communications  on  extirpation  for  disease  of  the  spleen 
ome  from  Hartmann  and  Vaquez.  From  their  investigations  one 
learns  the  following:  1.  A  slight  post-operative  increase  of  the  red 
blood -corpuscles  and  a  geimine  though  very  transitory  acute  liyperleuko- 
cytosis.  2,  A  primary  decrease  in  hemoglobin,  which  gnidually  rises 
again  to  normal,  3,  After  fimr  to  eight  weeks  a  lymphfX*ytosis  of 
varying  duration,  4.  A  raixlerate  eosinophil ia  occurring  late, — after 
many  months. 

The  author  has  had  the  opjiortuuity  of  examining  three  such  cases: 
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The  first  was  a  patieot  (Mrs.  St)  who  was  examined  in  company  with 
Oberarzt  Dr,  A.  Neymann,  and  whose  epleen  wai^  removed  by  E.  Habn  on 
Feb.  8,  1895,  oh  account  of  an  e€hiDococx.iiie  cyst.  It  le  to  be  amiimed  that 
even  before  the  operation  the  spleen  did  not  functionate  normally.  Ob  SepL 
2,  1897,  the  following  percentages  were  found ; 

Polynuclear  neiitrophila^ , 76.8  per  ceot 

Lyniphwytea , 18.4        " 

Eiosinophilee 3,4        " 

Large  mimonucleani 1.1        " 

Mas!-c*?!k , 0.4        " 

TBese  were  almoet  normal  conditions.  Htill,  it  must  be  added  that  the 
patient  manif^ted  a  beginning  phthisie  pnlmonum,  to  wliich  a  relative  in- 
oreaae  of  the  poly  nuclear  eleraenti^  iimst  be  attributed,  and  without  which 
the  percentage  of  lymphocytes  and  eoeinophilea  would  probably  have  been 
higher. 

For  the  knowledge  of  two  other  cases  thanks  are  due  Prof.  Jonnescu,  of 
Bucharest  Que  case  was  that  of  a  man  abi>ut  forty  years  of  age,  in  whom  the 
spleen  was  extirpated  on  8ept  27.  1807,  on  account  of  splenomegaly.  Healing 
was  l*y  primary  intention.  The  white  blood -corpuscles  were  persistently 
increased.  The  proportion  of  the  whites  to  the  reds  was  1  :  120  to  1  :  130 ; 
the  number  of  reels  averaged  ♦3,000,000,  Examination  of  Bpecimens  obtained 
two  months  after  the  operation  showed  a  decided  lymphemia,  large  lympho- 
cytes preponderating.  The  eosinopbiles  and  mast-cells  were  evidently  in- 
crease<L  More  exact  estimations  of  numbers  are  not  ijermissible  I:>ecau8e  the 
epecimeu  was  not  nniforroly  spread. 

From  the  second  case,  which  w*as  likewise  operated  on  on  acocmnt  of 
splenomegaly,  only  very  much  injured  specimens  were  obtained.  Btill^  It 
could  be  determined  with  certninty  that  there  was  no  considerable  increase 
of  lymphocytes,  while  the  number  of  eos?iuophiles  was  evident ly*  the  number 
of  mast-cells  to  a  Icrs  degree^  augmented.  It  is  probable  that  the  increase 
of  these  last  two  was  not  the  result  of  the  splenectomy,  but  rather  the  exprt^s- 
sion  of  reactive  changes  brought  about  by  the  disappearance  of  tlie  splenic 
function  before  the  o[ieratioo. 

[In  a  |>er&onal  obs^^rvation  of  a  case  of  splenomegaly  I  found  large  num* 
bers  of  eoainopliile  ceils  before  o|ieration,  at  a  time  when  the  disease  was 
don  lit  less  of  over  a  year's  duration.  After  the  operation  there  was  at  first 
a  reduction  of  the  i»ercentage  as  well  as  actual  numbers,  and  for  a  time  a 
polymorphonuclear  leukfMrytosis  (pneumonic).  Subsequently  the  eosino- 
phil ia  reappeared  and  was  present  three  months  after  the  operation. — Ed.] 

These  cases  of  splenectomy  furnish  a  criterion  for  chronic  diseases 

of  the  spleen.  For  although  it  is  vcr\'  difficult  in  these  cases  to  make 
positive  statements,  since  it  is  never  known  to  what  extent  the  inelivitlual 
organs  have  been  injuretl  or  influenced  by  the  general  dii^ease,  an  increase 
of  the  lymphocytes  (providtHl  disease  of  the  lymphatic  glands  is  excluded) 
wn>iild  point  to  functional  abrogation  of  the  ,splcen. 

If,  on  the  contrary,  in  a  i^se  of  chninic  splenic  tumor  an  increase 
in  the  eosinophile  cells  is  found,  this  wTmld  l>e  attribut^ible  to  Kurloff's 
secondary  renctinn  of  the  bone-marrow.  Sevend  <uvh  cases  may  be 
found  in  the  literature ;  for  instance^  Muller  and  Kieder  mention  three 
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cases  of  tumor  lienis  caused  by  congenital  lues^  hepatic  cirrhosis^  and  a 
neoplasm  of  the  skull  cavity,  respectively,  in  which  the  eosinophiles 
amounted  to  12.3  per  cent.,  7  per  cent.,  and  6.5  per  cent. ;  while  in  three 
cases  of  acute  splenic  tumor  associated  with  typhoid  fever  the  percent- 
ages varied  from  0.31  to  a  maximum  of  0.82.  These  writers  ask  the 
question,  since  Ehrlich  insists  that  the  probable  source  of  the  eosinophile 
cells  is  the  bone-marrow,  ^^  Does  this  increase  of  the  eosinophile  cells 
stand  in  relation  to  the  splenic  tumor  or  to  a  participation  of  the  bone- 
marrow,  the  function  of  which  has  been  increased  in  order  to  compen- 
sate for  the  greater  or  less  loss  of  blood-formation  produced  by  the 
(functionally)  extirpated  spleen  ?" 

From  what  has  been  shown  there  can  be  no  doubt  that  the  question 
has  been  decided  according  to  Ehrlich's  view. 

What  then  are  the  physiologic  functions  of  the  spleen  since  they  are 
mmeoessary  to  the  preservation  of  life  ?  Its  chief  r6le  seems  to  be  to 
take  up  the  fragments  of  the  red  and  white  blood-corpuscles  broken  up 
in  the  circulation  so  that  the  organism  will  not  entirely  lose  this  valu- 
able material.  Poniick,  for  instance,has  demonstrated  that  on  destruction 
of  the  red  blood-corpuscles  the  spleen  takes  up  a  part  of  the  "  shadows," 
and  he  therefore  designated  the  enlargement  as  a  spodogenous  splenic 
tumor  (^nroJof,  ashes,  debris).  Ehrlich  brought  forward  a  correspond- 
ing demonstration  in  regard  to  the  products  of  destruction  of  the  white 
blood-corpuscles,  and  showed  that  the  splenic  tumor  seen  in  infectious 
diseases  and  in  phosphorus-poisoning  is  to  a  great  extent  produced  by 
the  parenchyma  of  the  spleen  taking  up  the  debris  of  the  neutrophile 
cells. 

The  relation  of  the  spleen  to  a  new  formation  of  red  blood-corpus- 
cles is  one  of  the  problems  of  comparative  anatomy.  Results  found  in 
one  animal  can  not  be  applied  to  others.  In  the  lower  vertebrates,  as 
fishes,  frogs,  turtles,  and  even  birds,  the  blood-making  power  of  the 
spleen  is  of  great  importance,  while  in  mammalia  it  has  little  if  any 
significance.  One  finds  nucleated  red  blood-corpuscles  in  the  spleens  of 
normal  mice  in  relatively  large  numbers ;  they  are  scanty  and  often 
found  only  on  careful  examination  in  those  of  rabbits.  In  the  spleens  of 
dc^  they  are  physiologically  absent,  but  may  be  found  after  an  anemia 
has  been  produced  by  hemorrhage ;  while  in  the  human  spleen  they  are 
found  neither  normally  nor  in  cases  of  severe  anemia,  but  only  in  leu- 
kemia. U.  Gabbi,  in  his  very  recent  communication  on  the  hemolytic 
function  of  the  spleen,  emphasizes  the  difference  between  the  different 
species  of  animals.  In  guinea-pigs  he  found  that  the  spleen  exercised 
a  pronounced  destructive  action  upon  the  red  blood-corpuscles,  while  in 
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rabbitn  this  faculty  wai?  only  suggested.  CorreHpoiiding  t^  this,  in 
splcnectomized  guinea-pigs  the  luiinber  of  red  bIot>d-corpiificles  in- 
creased on  an  average  377^000  per  c^mm.,  the  amount  of  hemoglobin 
8.2  per  cent. ;  in  splenectoraized  rnhbitt?  this  increase  was  wanting, 

C^onsidering  all  of  the  foregoing  rei^iilts,  it  must  be  conchidcd  that 
the  function  of  the  spleen  in  tlie  pr<xhiction  of  white  blood -corpuscles 
can  not  be  great,  and  that  if  w^hite  cells  are  produced  by  it  these  must 
be  free  fmni  granules.  Consequently  the  spleen  stands  in  a  closer 
relation  to  the  lymphatic  system  than  to  the  bone-marrow.  There  is 
assuredly  not  the  slightest  relation  of  the  spleen  to  ordinary  leuko^ 
cytosisJ 

The  I^ynipli-g'laiids.^ — 8ince  it  is  impossible  to  remove  experi- 
mental ly  all  tiic  lymph-glands,  one  is  constrained  to  study  their  jiartici- 
pation  in  the  formation  of  blood  almost  entirely  in  clinical  and  anatomic 
investigsitions* 

The  view  that  the  lymphocytes  of  the  bloody  l>oth  large  and  small, 
are  identii^l  with  those  of  the  lymph-glands  and  lymphatic  apparatus 
generally,  has  remainctl  uncontested  since  Vircbow's  description  of  them, 
and  it  must  be  evident  to  everyone  from  the  complete  correspondence 
of  their  morphology,  the  staining  properties  manifested  Ijy  the  protoplasm 
and  nucleus,  and  the  absence  of  granulations. 

The  view  that  the  lymphocytes  of  the  blt)od  actually  originate  in  the 
lymphatic  system  is  supported  by  numerous  clintcid  observations.  Ehr- 
lich  some  time  ago  drew  attention  to  the  fact  that  when  extensive  por- 
tions of  the  lymph-gland  system  were  damagetl  by  disease  the  number 
of  lymphocytes  may  be  considerably  diminislH?d»  and  this  has  l)een 
frequently  confirmeil  by  different  writers.  Reinbach  described  several 
cases  of  malignant  tumoi's,  especially  sarcoma,  in  Mhich  the  per- 
centage u{  lymphocytes  (normally  about  25)  was  decidedly  dimin- 
ished— i\  //.,  a  case  t>f  lympliosjircoma  colli,  in  which  they  amounted 
to  only  (\S>  per  t^nt.  This  finding  may  be  re^adily  ex  plained  by  the 
disap{>ea ranee  t»f  function  t*f  the  lymph-glands,  How  the  advocates 
of  the  tlieory  that  the  lymphf>eytes  are  early  stages  of  the  other 
white    bh  MM  I -corpuscles    deal    with    this    fact    is    difficult    to    under- 


'  r.  S.  ¥j[\^\  1ms  rc?<^*nlJy  proposed  to  fieni^ate  .ictite  leiikm^vtrwiis  as  "  Ijenfltl  leiiko- 
cytoeb,"  analn^miMly  Ui  tlie  tiinical  conct-ptioTj  of  lietml  leukemia.  Tliis  name  would  be 
appmpriate  only  if  tbe  fH>lyniK'leAr  ccUft  oripjirmled  in  Ihe  uploen.  an  iiHSiiiuption  which 
e%'en  Fupel  doen  not  *"OBsi»der,  wmce  he  oiprewily  insists  that  no  eonrltwion  in  regrirtl  to 
thf  nrisfin  of  the**c  e^\h  should  l»o  drwwn  from  the  def^ienution.  8inc<?,  however^  as  will 
he  sht>wii  in  the  nent  section,  atule  leukiX!yt^*hiis  Ih  rcfenihle  exehisivt^ly  to  the  boH€- 
ma!Ti»w^  the  d«»ignation  lienal  lciikocTt4ri»b*  HCH?niH  aljecil ut^^ly  wron|jr  iK^iiuisie  it  would 
lead  to  an  t^itirtdy  enoueouH  ronccptioii  a«  to  ilie  oriprin  of  !eukoe\vtCH. 
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f^tand.  The  only  thing  they  C5an  say  is,  that  the  lyniphoc-ytes  in  such 
cases  are  rapidly  transtbrmt'd  into  the  older  forms  of  polynuclear  ele- 
ments, or,  in  Uskoff-8  words,  there  h  a  precipitate  maturity  of  the 
lymphocytes. 

[WolfF^  believers  that  there  are  fr>rnied  in  iill  the  blciod-makiog  organs 
fiells  similar  to  lyniphoeytes,  but  eajiabte  of  developing  into  different 
form^  of  leukocrytes.  As  a  nilej  the  ditfereut  blo4.Kl-niaking  organs 
have  individual  function,  hot  m  ease  of  necessity  they  are  capable  of 
vicarious  action,  and  thus  in  certain  anemias,  like  that  of  lead-poison- 
ing, the  spleen  may  hiive  myeloid  action.  He  claims  to  have  iliscovered 
to  cases  of  leukemia  under  his  observation  transitional  conditions  between 
lymphoid  and  myeloid  disease.  Further  reference  to  the  origin  of  lym- 
phoid cells  will  be  made  in  reference  to  leukemia. — Ed.] 

Further  proofs  of  the  origin  of  the  lymphocytes  from  the  lymph- 
glands  are  found  in  cases  which  show  an  incre^ise  in  lymphocytes. 
These  '*  lymphtxirytoses"  are  rare  in  comparison  witli  tither  leuktx^ytcjses* 
They  are  found  most  commonly  in  conditions  associated  with  a  hyper- 
plasia of  the  lymphatic  apparatus.  Ehrlicb  and  Karewski,  in  a  work 
not  yet  published,  ejcamined  a  large  number  of  typical  cases  of 
lymphoma  malignnm,  and  found  regularly  a  lymphocytosis  which  was 
sometimes  so  marke<l  as  alniast  to  simulate  leukemLi. 

Supported  by  this  fact,  Ehrlicb  and  WaaBermanti,^  in  the  case  of  a  rare 
skin  diBease,  made  the  diagnot?is,  in  lim,  of  a  malignant  lymphoma  merely 
from  the  alieoliite  increase  of  the  lymphocytes^  although  no  swelling  of  the 
glands  waiJ  palpable.  The  principal  fxiat- mortem  finding  was  a  tumor  of 
the  retroperitoneal  lymph-glands  the  size  of  one's  fist. 

Moreover,  the  lymphocyto^^is  occurring  after  extirpation  of  the 
spleen  (see  above)  belongs  here,  since  it  is  invariably  associated  with 
vicarious  enlargement  of  the  lymph-glands. 

In  the  investigation  of  the  conditions  under  which  a  greater  number 
of  lymphocytes  appear  in  the  circulation  during  health,  one's  attention 
is  attracted  naturally  to  the  iligestive  tmct,  the  wall  of  which  con- 
tains large  amounts  of  lymphatic  tissue.  In  digestive  leukocytosis, 
according  to  Rieder,  the  {>rop>rti(ni  of  lymphtx^ytes  to  polynuclear  cells 
remains  alx>nt  normal,  though  it  fluctuates  rather  in  favor  of  the 
lymphocytes,  while  there  is  a  marktHl  relative  diminution  of  the 
eosinophiles.  The  digestive  leukocytoses,  therefore,  are  evidently  dif- 
ferentiated from  those  in  which  tlie  neutruphilc  element.^  alone  are 
incr»ti>pd.     The  simultaneous  increase  of  lymphocytes  and  polynuclear 

*  2eit/.  JWift.  MtiL,  IfW'A  vol.  xlv.,  p.  38o. 
«  DtrmaUitog,  ZeUnchr,,  1894,  vol.  i. 
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,  cells  is  apptneoiW  the  resok  of  a  sopenddhkm  of  ^mpbocytes  to  an 
ordinarr  leokocrtoeia  produced  bj  aaeimilated  metabolic  prodocts. 

The  iDflaenoe  of  the  digestive  tract  is  still  more  striking  in  obtain 
duea^f^,  e^peciallv  the  intestinal  diseases  of  Dordings.  For  inat^TM^^ 
Wei;^  foaiKl  in  simple  gastric  and  intestinal  catarrhs  a  considerable 
increase  of  white  blood-corpo:scleSy  doe  principally  to  lymphocytes. 

Accr>rding  to  the  late  observations  of  Meunier,  whooping-cough 
may  be  mentioned  among  the  small  numb^  of  diseases  associated  with 
a  pmnoanced  lymphemia.  In  the  convulsive  stage  of  this  disease  both 
the  polynuclear  cells  and  the  lymphocytes  are  increased,  the  latter  to 
a  predominating  d^ree ;  the  increase  of  the  former  being  about  double, 
of  the  latter  four  times  the  normal.  Meunier  is  probably  correct  in 
attributing  this  lymphocytosis  to  the  irritation  and  swelling  of  the 
tracheobronchial  glands. 

An  increa^  of  lympboc\'tes  from  chemic  irritation  is  extremely 
mre,  while  there  are  a  number  of  substances  (bacterial  products,  pro- 
tein, nijclein,  organic  extracts,  etc.)  capable  of  producing  polynuclear 
Uitik<feyUmi!i.  In  very  isolated  cases  an  increase  in  lymphocytes  has 
\yefiU  Heen  following  an  injection  of  tuberculin  in  tuberculous  individuals 
(K.  Grawitz) ;  yet  on  account  of  the  rarity  of  these  cases  it  can  scarcely 
tie  doubted  that  a  latent  tuberculosis  of  the  glands  participates,  and  the 
incrifaseil  number  of  lymphocytes  is  produced  not  by  the  chemic  prop- 
erti<!S  of  the  tuberculin,  but  by  an  extensive  specific  reaction  on  the  part 
of  the  disease<l  glands. 

Only  one  Hin^le  substance  has  so  far  been  mentioned  in  the  literature 
nn  <^\mh\e  of  producing  lymphocytosis,  namely,  pilocarpin.  Walstein 
cIttimH  that  he  prcxluced  lymphemia  by  injections  of  pilocarpin,  and 
that  a  progreHsive  increase  in  lymphocytes  followed  repeated  injections. 

LymplKKytoHiH,  therefore,  stands  in  sharp  contrast  to  ordinary 
U'\\U(H'yU)HOHy  for  while  the  latter  are  incontestably  the  expression  of 
i'hvAuoUixiH — /.  e.,  the  action  of  soluble  substances  on  the  bone-marrow 
— lyrnplKH^ytosiH  is  due  to  a  local  irritation  of  lymph-glands.  Conse- 
quiMitly  one  nuist  refer  the  increase  in  lymphocytes  in  digestive  leuko- 
i!yt4)MeH,  ati<]  in  th(»  intestinal  diseases  of  children,  to  the  irritation  of  the 
lyinphati<!  apparatus  of  the  intestine,  and  that  following  the  injection 
of  tulM'H'ulin  to  the  reaction  of  diseased  lymph-glands.  Accordingly 
Olio  is  ohligcul  to  conclude  that  a  lymphocytosis  occurs  when  in  response 
to  iin  in(!nMi8ed  circulation  of  lymph  in  a  greater  or  less  extensive 
lymphuti(^  region,  more  elements  are  mechanically  forced  from  the 
lymph-glands.  The  pilocarpin  lymphocytosis  furnishes  no  argument 
againnt  this  view,  sinw  pilocarpin  pn>duces  an  extraordinary  decrease, 
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even  though  traDsient,  in  the  general  amount  of  water^  on  account  of 
which  fluid  containing  Ijmph-cells  is  readily  forced  into  the  blood.  We 
most,  therefore,  consider  lymphocytosis  as  the  result  of  a  mechanical 
process ;  leukocytosis,  as  the  expression  of  a  chemotactic  reaction  on 
the  part  of  the  polynuclear  cells. 

The  best  support  for  this  theory  is  found  in  the  fact  that  the  poly- 
nuclear leukocytes  possess  a  lively  ameboid  motility  which  is  wanting 
in  the  lymphocytes.  [A  number  of  investigators  (Maximow,  Almkoist, 
Hirschfeld,  Flexner  and  Bunting,  Welch,  Kelly)  either  observed 
ameboid  movements  or  were  able  to  bring  forward  indirect  evidence 
of  such  movements  on  the  part  of  the  lymphocytes.  There  seems 
little  doubt  of  the  accuracy  of  this  view. — Ed.] 

Corresponding  to  this  lack  of  motility,  one  finds  that  the  lymphoc3rtes, 
in  contrast  to  the  polynuclear  neutrophiles  and  oxyphiles,  are  unable, 
in  inflammatory  processes,  to  leave  the  vessels.  An  experiment  that  is 
very  interesting  in. this  connection  was  described  years  ago  by  Neu- 
mann. This  investigator  produced  suppuration  in  a  patient  with 
lymphatic  leukemia,  whose  blood  contained  only  a  very  small  number 
of  polynuclear  cells.  Examination  of  the  pus  showed  that  it  consisted 
exclusively  of  polynuclear  cells,  and  that  not  a  single  one  of  the 
numerous  lymphocytes  present  in  the  blood  appeared  in  the  exudate. 

Similar  residts — i.  e.,  polynuclear  elements  alone — ^are  found  on 
histologic  examination  of  all  recent  inflammatory  processes.  That  a 
small-cell  infiltration,  consisting  apparently  of  lymph-cells,  appears  in 
the  course  of  the  inflammation,  is  well  known,  yet  this  by  no  means 
proves  that  they  wandered  out  from  the  vessels.  This  is  not  the 
place  for  a  review  of  the  prolific  controversy  in  regard  to  these  small 
cells,  and  the  authors  must  content  themselves  with  a  reference  to  the 
very  recent  thorough  work  of  Ribbert.  Ribbert  regards  these  collec- 
tions of  small  cells  as  analogues  of  lymph-nodules,  and  attributes  their 
formation  to  an  increase  in  size  of  the  lymphatic  foci  which  were  present 
normally  though  less  developed. 

Therefore,  we  must  conclude  from  clinical  and  morphologic  investi- 
gation, as  well  as  from  observ^ation  of  inflammatory  processes,  that  the 
lymphocytes  stand  in  no  reciprocal  relation  to  the  polynuclear  leuko- 
cytes. In  the  following  section  we  shall  arrive  at  the  same  conclusion 
in  another  way. 

The  Bone-marrow. — The  spleen  and  lymph-glands  alone  were 
considered  the  breeding-places  of  blood-corpuscles  until  the  almost 
simultaneous  investigations  of  Neumann  and  Bizzozero  drew  general 
attention  to  the  bone-marrow  by  showing  that  the  advance  stages  of  the 
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reel  blood-corpuscles  were  found  there.  This;  discovery  was  quickly 
ree^gnizetl  and  applied  to  pathology  by  Colin heim  and  others.  The 
demoDst ration  thut  after  severe  hemorrhage  the  yellow  marrow  of  the 
long  tubular  bones  was  transformed  again  into  red  marrow,  showing  an 
increased  demand  on  the  regenerative  function  of  the  bone- mar mw, 
was  especial iy  valuable  in  this  regartL 

The  writers  know  of  no  other  locality  in  man  where  red  blood-corpus- 
cles are  formed,  though  in  other  mammalia,  as  w^as  mentioned  previously 
(p,  81),  the  spleen  plays  a  slight  role  in  their  formation.  The  type 
which  the  formation  of  er\i:hrocytP8  follows  normally  in  adults  and 
the  differences  manifested  in  pernicious  auemia  have  l>een  deseiibe^i 
in  det^iil  in  the  chnpter  on  the  Reil  Bloml-corpuscles.  There  it  was 
shown  that  accordiug  to  EhrHch'.s  view  the  formation  of  erythro- 
c>ix*s  ID  Biermer'a  anemia  follows  a  tyj>e  analogous  to  that  in  the 
embryo. 

In  this  sec:tion  we  are  concerned  especially  with  the  w^hitc  hh:Mxl- 
corpusch*H  and  their  connectir>n  with  the  bone-marr<JW,  In  man,  as 
well  as  in  a  large  niinil>cr  of  animals  (e.  g*^  apes,  guinea-pigs,  rabbits, 
dovcM,  etc.),  the  cells  pnxluecd  hy  tlie  bone-inarro\v  invariably  sliow 
sjx'tifie  granulations  in  sharp  contra.^t  to  those  |iroilnceil  by  the  lym- 
phatic system,  which  in  all  animals  are  non-granulated. 

The  granular  cells  of  the  bone-marrow  are  C4>nveniently  divisible 
into  two  groups  : 

The  first  gn>up,  constituted  by  the  so-mllctl  sptTifie  granular  cells, 
is  of  most  importance  on  account  of  the  fact  that  because  of  morphologic 
and  tinctorial  difference's  it  is  cliaracteristic  of  certain  species  of  animals. 
For  instance,  in  iniin  ami  in  ajies  the  cells  show  neutrophile  granulations  ; 
in  guineu-pigs  and  rabbits  there  are  the  pseudiXHisiaophiles  deseril>ed 
by  Kurloff;  in  birds  two  specific  granulations,  both  oxyphilic,  one  in 
crystal  iVirm,  the  other  in  granules.  The  varieties  of  sjKHMtic  granules 
investigated  so  far  have  this  in  common,  that  they  are  stained  by  acid 
or  neutral  stains,  and  show  saireely  any  affinity  for  basic  dyes.  The 
great  imjmrtiini^e  of  these  cells  is  evident  frrmi  the  fact  that  they  far 
excee<l  in  number  the  otiier  Ixjue-marrow  elements  in  all  s|)ecies  of 
animals. 

The  second  group  of  bone-marrow  cells  contains  granules  common 
to  the  ^\h^l]c  series  of  vertebrates,  from  tlie  frog  to  man,  and  is,  there- 
fori',  not  characteristic  in  any  individual  species.  This  is  made  up  of; 
1.   Eosinophiles  ;  2.  Bsisophile  mast-eells. 

The  non-granulated  cells  of  the  bone-ma rrcTW  are  repn'i^nted  gen* 
crally  by  mononuclear  forms  of  different  tyiies.     Their  numi>er  and  sig- 


WRJdAL  AND  PATHOLOGIC  HISTOLOGY  OF  THE  BLOOD.      87 


nificance  are  le^^s  marketi  tlian  iii  the  caise  of  the  granulate*!  (jells  of  the 
first  group, 

AmoDg  these  non-granular  cells,  gia^vt^edh  require  special  raention, 
siDce  thqr  are  an  almost  constant  constituteut  of  the  bone-marrow  in 
rnammalia.  According  to  the  recent  investigations  uf  Pugliese,  in  the 
hedge-hog,  the  giant-cells  of  the  booe-marrow  increase  eou^siderably 
aft^r  extirpation  of  the  spleen.  In  this  animal  the  spleen  is  of  extra- 
ordinary size,  and  accordingly  seems  to  fulfil  a  much  more  important 
hematopoietic  function.  Pugliese  claims  that  in  splenectotnizt^l  he^lge- 
hog8  the  nucleated  giant-cells  are  transformed  into  leukocytes  by  ami- 
totic nuclear  division.  Unfortunately  in  this  preliminary  communica- 
tion there  is  no  notice  taken  of  the  granules  in  the  bone-marrow  cells. 

When  a  stained  preparation  of  bone-marrovr,  for  instance,  from 
guinea-pigs^  rabbits,  or  man,  is  examined,  the  characteristic  finely 
gmnuLited  cells  are  found  in  all  stages  of  development  from  the  mono- 
nuclear thnj^ugh  the  transition -forms  to  the  poly  nuclear  (polyniorpho- 
auclear),  just  the  same  as  in  the  circulating  blood.  Moretjvcr,  one  glance 
is  sufficient  to  show  that  the  bone-raarrow  is  evidently  the  bree<ling- 
plaee  where  typical  poly  nuclear  cells  are  formed  from  granular  mono- 
nuclear cells. 

The  polynuclear  eosinophile  leukocytes  may  be  seen  undergoing  a 
mmilar  maturation. 

By  special  staining  Ehrlich  was  able  to  show  that  during  the  trans- 
formation of  mononuclear  cells  to  polynuclear  the  proiwrties  of  the 
granules  changed.  When  young,  the  cells  show  a  predominance  of 
bftsophile  granules  which  gradiially  disappear  on  the  maturing  of  the 
cells.  For  instance,  the  p9eudt>-eosinophile  gmnules  of  the  mono- 
Duclear  cells  of  the  rabbit*  stained  after  long  fixation  at  a  higli  tem- 
perature in  a  steam  sterilisser,  appeared,  with  eosin-methylene-blue, 
bluish  red.  In  the  transitional  stages  they  gradually  lost  this  mixed 
oolor,  and  in  the  polynuclear  leukocytes  stained  pure  reil.  Analogous 
obflervations  have  been  made  on  the  eosinophile  cells  of  man  and  ani- 
mals, and  on  the  neutrophile  cells  of  man.  It  Is,  therefore,  possible 
to  decide  fmm  an  isolated  granule  whether  it  belonged  to  a  yoong  or 
an  old  eelL 

How  rapidly  the  mononuclear  cells  go  over  into  the  polynuclear, 
and  whether  the  raatnmtion  of  the  granules  invariably  correspi>n<ls  to 
that  of  the  whole  cell,  can  not  be  stated  with  certainty.  Stilly  on  the 
grtmnd  of  the  writers^  observ*ations,  it  may  be  assumed  that  onlinarily 
both  mature  simultaneously,  though  in  special  cases  the  maturation  of  the 
cell  may  be  more  rapid  than  that  of  the  granules.     These  observations 
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can  readily  be  made  an  eosinopbile  cells.  It  was,  for  instance,  men- 
tioned by  Ehrlich  in  his  first  work  (1878)  that  besides  the  typical 
eosinnpbile  gmnules,  isolated  grannies  were  frequently  found  which 
showed  a  different  behavior  to  the  stain  ;  for  example,  which  would 
stain  more  black  in  eosin-aurantia-oigrosin,  bluish-red  to  pure  blue  in 
eosin-methylene-blue.  Even  then  Ehrlich  described  these  as  young 
elements.  Simitar  phenomena  are  seen  in  both  the  neutrophiles  and 
eosinophiles  of  the  circulating  blood  in  leukemia.  Ehrlich  repeatedly 
found  in  leukemic  blmxl  poly  nuclear  eosinophile  cells  containing  almost 
exclusively  young  ^  granules, 

Ehrlich  attributed  this  to  atypical  hastening  of  maturation  on  the 
part  of  the  cell  and  a  comparatively  slow  develo|)ment  of  the  granules. 

One  see«  in  normal  lilo<jd  only  the  mature  forms  of  tlie  specific  gran- 
ular leukocytes  ordinarily  found  in  the  bone-marrow,  and  never  the 
mononuclear  and  transit!  on -forms  of  the  neutrophile  group. 

Since  the  latter  are  found  exckisively  in  the  bone-marrow,  and  never 
in  the  spleen  and  lymph-glands,  Ehrlich  considered  them  the  most  char- 
acteristic cells  of  tlie  bone-marrow,  and,  xari^oyr^py  designated  tbem 
**  myelocytes."  -  Considenible  numbers  of  myelocytes,  no  matter  what 
the  size,  are  found  in  the  blood  of  adults  practically  only  in  myelogenic 
leukemia  (the  rare  exee|»tions  to  this  which  coukl  never  be  confused 
with  leukemia,  art*  stated  on  pp.  68  and  6^). 

The  same  is  true  of  the  eosinophile  cells  in  that  the  mononuclear 
varieties  which  may  be  descriljed  as  eosinophile  myelocytes  occur  almost 

*  T\m  double  Btainiiij;^  of  the  eoeiDophile  granules  hn»  been  inlerpreted  by  mnnj 
write  r?a,  for  instance,  A  mo  Id,  lo  indiciite  thiit  eosinopliile  and  mast-cell  lu^rdnulatiotift 
occurre<J  in  the  one  eel L  That  tbift  iji  not  the  ca^e  is  evident  frotn  ibe  fact  that  in  metJi- 
chroniaiir  stuinin^  the  '^  hiiK>phLle  "  ^j^^mnulation^  of  the  eosinophile  cells  do  not  show  ihe 
metachmmasia  chanicteristic  of  the  inost-celk. 

'  RecentJj  A,  Friinkel  reported  a  series  of  histologic  ifive«tigntions  in  which  he 
succeeded  in  one  mngle  case  in  finding  jKennine  myelocytes  within  inflamed  Ijrniph- 
gUnds,  He  wiys  (XV.  Congrewa  f,  iiinere  Mt?diein^ :  "  A  short  time  ajLco  1  had  n  series 
of  methotlii^l  investi^tions  inude  by  my  ji/«istnnt,  I>r,  Japha,  on  the  gramilalion  of  the 
leiikocyt^?^  in  the  lymph-glands  in  a  large  nnml>er  of  infetliouft  dineai^es,  like  scarlet  fever, 
diphtheria,  and  typhoid  fever,  which  were  associated  with  aeute  swelling  of  the  gliindfl. 
The^  invest igntions  were  made  on  cover-glass*  Hi>eeimeni<  prepared  fn>m  the  jniceof  the 
gkiidtf  removes)  iromedi&tely  after  death  and  stained  by  Erhlich^s  triaeid  mixture.  In 
ft  hii^  nuraljer  of  cases  »n  examined,  only  one^  an  instance  of  scarlet  fever,  showed  mono- 
nuclear cells  with  neutrftpbile  granulationa  Thi«  ca»e,  however,  wb*«  unquestionable." 
The  extraordinary  rarity  of  this  iinding  convinces  the  writera  that  the  formation  of 
neutrophile  mononuck^r  element*  can  not  Ik^  reganled  ?«  a  normal  function  of  lymph* 
glands.  Polynuclear  neiJirr>idiile  cell5?  invariably  occur  in  inflanietl  lymph-glands,  but 
naturally  only  a;^  elements  which  have  wandereil  in  in  response  to  the  inflammation. 
That  polynuclear  neutrophile  leukocytes  may  Ik?  trauMformed  in  the  tissue  into  mon*^ 
nuclear,  is  demonatraied  by  i^^very  pus  preparation,  and  thiii  may  explain  Japlna'a  isolated 
ob^ervatiofu 
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exclusively  in  leukemic  blood.  These  forms,  first  observed  by  H.  F. 
Muller,  are  of  less  diagnostic  value,  since  the  principal  foreign  elements 
ifl  the  blood  in  myelogenic  leukemia  are  Ehrlich's  myelocytes. 

Very  important  conclusions  regarding  the  question  of  leukocytosis 
may  be  deduced  from  these  observations.  Recalling  that  polynuclear 
neutrophile  cells  develop  and  are  stored  only  in  the  bone-marrow, 
and  that  in  the  ordinary  leukocytoses  they  alone  are  increased,  it 
becomes  clear  that  leukocytosis  is  purely  a  function  of  the  bone-marrow, 
as  Ehrlich  has  always  insisted.  Moreover,  the  sudden  occurrence  of 
leukocytosis,  as  frequently  seen  in  diseased  conditions  and  experiments, 
can  be  satisfactorily  explained  only  in  this  way.  It  is  impossible  to 
believe  that  in  the  period  of  time  in  which  leukocytosis  develops,  often 
only  a  few  minutes,  new  formation  of  leukocytes  could  occur ;  conse- 
quently there  must  be  a  storage  place  for  those  cells  ready  formed  and 
capable  of  wandering  out  on  any  suitable  irritation.  This  place  is  the 
bone-marrow,  and  the  bone-marrow  alone.  Here  all  mononuclear  cells 
gradually  mature  to  polynuclear  contractile  cells  which  respond  to 
chemotactic  irritation  by  emigration,  and  so  produce  acute  leukocytosis. 

The  bone-marrow,  therefore,  fulfils,  besides  others,  the  highly  impor- 
tant purpose  of  a  protective  organ  from  which  injurious  influences 
attacking  the  organism  can  be  quickly  and  energetically  combated, 
just  as  in  a  fire-station  help  is  continually  at  hand  to  respond  to  the 
signal  of  danger  from  any  locality. 

The  fact  has  still  to  be  noted  that  the  large  mononuclear  leukocytes 
and  the  transitional  cells  of  normal  blood  do  not  increase  in  ordinary 
leukocytoses.  In  fact,  in  high  grades  of  leukocytosis  their  percentages 
may  be  actually  diminished  on  account  of  the  increase  of  the  poly- 
nuclear cells.  It  appears,  therefore,  that  these  elements  do  not  respond 
to  chemotactic  irritation,  and  probably  enter  the  blood  in  a  different 
way  from  that  of  the  polynuclear  cells. 

The  authors  believe  that  the  nou-granular  mononuclear  cells  of  man  are 
analogous  to  those  described  by  Kurloff*  in  puiuea-pigs  (see  p.  73)  ;  though 
Kurloff's  cells  in  their  transformation  remain  non-granular,  while  the  mononu- 
clear cells  of  man  eventually  become  neutrophile  granulated  polynuclear  cells. 
In  the  acute  leukocytosis  of  guinea-pigs  only  the  pseudo-eosiuophile  poly- 
nuclear cells  which  emigrate  as  such  from  the  bone-marrow  are  increased,  not 
the  polynuclear  nou-granular  cells  which  grow  to  maturity  in  the  blood. 
The  special  characteristics  of  guinea-pigs'  blood,  in  which  two  varieties  of 
polynuclear  cells  remain  recognizable,  clear  up  the  obscurity  of  the  corre- 
sponding conditions  in  human  blood,  where  interpretation  is  more  difficult 
on  account  of  the  polynuclear  neutrophiles  showing  a  double  genesis,  the 
majority  coming  ready-formed  from  the  bone-marrow,  a  small  minority  being 
formed  wiUiin  the  circulation  from  the  mononuclear  and  transitional  forms. 
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figures,  due  not  only  to  typioal  uucleiir  (livisiaii^  liiit  also  to  nuclear 
dt\st ruction.  The  white  blcnxl-corpusi^les  were  dwidedly  iocreasetl, 
showing  a  relation  to  the  reds  of  ^:^'  This  increase  was  most  evident 
IB  the  large  mononuclear  forms,  the  grciiter  number  of  which  showed 
ncutrophile  gmnulntionjs ;  in  other  words,  belungcd  among  the  myeJo 
eytes.     Only  two  Cixsinophilc  cells  were  found  in  all  the  preparations.^ 

As  Epstein  correctly  pt^iints  out,  the  explanation  of  such  a  blood 
picture,  apart  from  the  purely  anemic  change^?,  is  not  easy.  The  occur- 
rence of  myelocytes  is  most  readily  explaineil  by  direct  irritation  of  the 
remaining  bone-marrow  by  the  surrounding  tumor  masse.s.  Moreover, 
in  thi^  irritatiou  the  mechanical  fuct^jr  is  of  less  importance  than  the 
highly  concentrated  metiibolic  clicmic  products  of  tlie  tumur  which  act 
on  the  motile  wlls  in  a  negjitively  chcmotactic  way.  This  view  is 
siipptiited  by  Reinbach's  careful  investigation  of  the  behavior  of  leuko- 
cytes in  malignant  tumors.  In  forty  cases  myelocytes  were  found  in 
the  blood  only  once  (in  a  ease  of  lymphosarcrmia  complit^itetl  with  tul>er- 
culnsis),  when  they  amounted  to  about  0.5  to  1  per  cent,  f>f  the  white 
blood-corpuscles.  The  autopsy  showed  isolated  yellowish-white  tumor 
foci  up  to  the  size  of  a  dime  in  the  bone-marrow.  When  one  considers 
that  in  none  of  the  other  thirty-nine  cases  myelocytes  were  found,  there 
need  be  no  hesitation  in  ejcplainiug  their  presence  in  the  blood  iu  this 
single  instance  as  a  result  of  the  bone-marrow  metastases.  Moreover, 
the  limitt^l  distribution  of  the  metastases  explains  the  small  number 
of  myelocytes. 

In  the  interpretation  of  the  megaloblasts  in  this  case  what  has  been 
said  in  another  section  on  the  nature  and  the  significance  of  these  cells 
must  be  rememlH^re^d.  They  are  not  found  in  normal  bone-marrow, 
V>ut,  acc^irding  to  the  theor>^  of  the  authors,  originate  only  when  sj*w»ific 
influences,  which  must  be  assumed  to  be  present  tu  |>emicious  forms  of 
anemia,  act  on  the  bone-marrow.  Therefore,  in  cases  of  tumor  anemia 
in  wliich  iiH^loblasts  are  found  in  large  numbers  in  the  blood,  one 
must  assume  that  the  chemic  irritant  which  incites  the  formation  of 
megidoblasts  in  the  bone-marrow  e^mes  from  the  tumor. 

Yet  the  prf'senc^  »if  megaloblasts  in  the  bone-marrow  does  not  neces- 
sitate their  *iccurrence  in  the  blofMl,  as  is  fivqueiitly  shown  by  pernicious 
anemia,  in  which  the  bone-marrow  may  be  packetl  with  megaloblasts, 
while  only  isolatinl  specimens  are  found  in  the  blood,  Whetlier  the 
passage  of  the  megaloblasts  from  the  bone-marrow*  Into  the  circulation  is 

*  We  t-all  particular  attomlion  to  the  smaM  number  of  eoainophile  cells,  becniif»e, 
ttcx^opding  u*  Khrl\cK»  fKwstulat**,  ihiB  want  of  eosinophlle  cells  is  inctjnipatible  with  the 
diJigiioftifi  iif  leu  kern  UL. 
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attributable  generally,  as  in  Epstein's  case,  to  chemic  irritation,  or  is  the 
result  of  mechanical  causes — e.  g.,  a  washing  out — can  not  at  present 
be  decided. 

In  addition,  the  bone-marrow  may  be  replaced  by  typical  lymphatic 
tissue.  In  &ct,  corresponding  to  the  well-known  statements  of 
Neumann,  which  have  been  generally  confirmed,  this  regularly  takes 
plaoe  in  lymphatic  leukemia.  In  these  cases  large  portions  of  the 
bone-marrow  are  replaced  not  by  malignant  tumor  masses,  but  by  a 
tissue  incapable  of  exercising  irritative  effects  (such  as  those  described 
above)  on  the  remaining  myeloid  tissue.  To  this  circumstance  must  be 
ascribed  the  fact  that  in  these  very  cases  of  lymphatic  degeneration  of 
the  bone-marrow  the  distinguishing  symptoms  are  observed  in  their 
purest  form.* 

The  most  important  data  are  obtained  from  a  study  of  acute  (lym- 
phatic) leukemia,  the  frequent  occurrence  of  which  was  first  emphasized 
by  Epstein,  while  the  disease  itself  has  recently  been  thoroughly  investi- 
gated by  A.  Frankel.  Acute  leukemia  is  pre-eminently  suited  to  this 
purpose,  for  the  reason  that  the  abnormal  growth  of  lymphatic  tissue 
occurs  very  rapidly,  and  therefore  produces  a  rapid  and  uncomplicated 
abrogation  of  function  of  the  bone-marrow.  Under  its  influence  the 
neutrophile  elements  of  the  bone-marrow  disappear  so  rapidly  and 
sometimes  so  completely,  that  a  single  myelocyte  may  be  found  only 
afler  a  long  search  (as  in  one  case  of  Ehrlich's).  That  the  blood  must 
show  in  such  a  case  a  marked  diminution  in  the  absolute  numl)er  of  the 
poly  nuclear  leukocytes,  is  evident  from  the  fact  that  these  cells  arise 
from  the  bone-marrow,  and  this  being  destroyed,  no  more  can  appear 
in  the  blood. 

Dock  came  to  similar  conclusions,  and  explains  in  a  corresponding 
way  the  lack  of  neutrophile  cells  in  lymphatic  leukemia,  from  the 
replacement  of  the  myeloid  tissue  by  lymphatic  tissue. 

Lymphatic  leukemia  consequently  funiishes  a  striking  proof  that 
the  lymphocytes  represent  a  i)articular  variety  of  cells  with  no  relation 
to  the  polynuclear  cell.  It  is,  therefore,  decidedly  surprising  when 
A.  Frankel,  after  a  critical  and  careful  examination  of  eight  cases  of 
acute  lymphatic  leukemia,  finds  in  them  grounds  for  the  assumption  that 
the  lymphocytes  go  over  into  polynuclear  cells.  This  can  be  explained 
only  by  the  confusion  created  by  Uskoff's  teaching  in  regard  to  the 

'  As  a  contrast  to  this  lymphatic  metamorphosis  of  the  bone-marrow  one  finds  in 
myelog^enic  leukemia  a  myeloid  transformation  of  the  other  blood-making  organs,  pai^ 
ticularly  the  lymph-glands,  which  is  characterized  by  the  presence  of  myelocytes,  eosino- 
pbiles,  and  nucleated  red  blood-corpuscles. 
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"young  cells/*  The  author?^  tle^ne  lymphocytosis  as  an  increase  of 
lymphocytes  in  the  blood  j  Friiukel  rt^g-ards  it  in  Uskoff's  sense  as  the 
appearance  of  the  young  forms  of  the  white  Ijlood-corpuscles  in  the  blood. 
Following  this  out,  he  attributes  the  decrease  of  poly  nuclear  cells  in 
thif^  disease  to  **  disturbance  of  the  conditions  necessary  for  the  trans- 
formation of  the  young  forms*"  Still  if  the  lymphocytes  are  con- 
sidered young  forms  and  the  polynuclear  cells  older  stages,  the  true 
conditions  would  be  more  correctly  represented  if  we  spoke  in  lymphatic 
leukemia,  not  of  a  disturbance,  but  of  an  alisolute  prevention  of  the 
process  of  maturjtton.  Yet  easy  as  it  is  to  picture  an  irritation  or 
injury  which  can  produce  a  hastening  of  the  normal  process,  in  other 
words,  a  premature  maturation,  it  is  ver)'  difficult  to  conceive  of  condi- 
tions which  would  prevent  the  natuml  maturing  of  the  elements.  The 
discovery  of  such  conditions  would  be  epoch-making  for  both  luology 
and  thenipy.  The  only  way  out  of  this  dilemma  would  be  to  assume 
a  premature  death  of  the  lymphocytes,  but  for  this  there  is  not 
the  slightest  evidence,  even  in  Fninkel*s  monogmph*  Frankel  makes 
the  diilerence  between  acute  and  chronic  leukemia  to  be  **  that  in  the 
former  the  newly  forme<l  elements  are  thrown  off  from  their  place  of 
origin  into  the  circulation  with  such  exti-aordinary  mpidity  that  time 
IB  wanting  for  complete  develo|iment,  while  in  chronic  leukemia  the 
transition  is  probably  much  slower,''  This  explanation  is  plainly  con- 
tradictory to  the  factSj  since  there  are  chronic  forms  of  lymphatic 
leukemia  which  show  the  microscopic  picture  of  acute  leukemia.  The 
foundation  is  therefore  removed  from  Friinkcrs  whole  deduction. 
[The  view  of  those  who  believe  in  the  essential  unity  of  all  forms 
of  leiikm/ytes  is  based  partly  upon  the  alleged  discovery  of  transi- 
tional cells,  and  partly  upon  the  occurrence  of  lymphemic  leukemia  in 
csases  in  which  the  bone-marrow  alone  ]ms  been  found  diseased.  Further, 
it  is  contended  that  the  *>ld  l>elief  in  the  lack  of  araelKiid  move- 
ment on  the  part  of  the  lymphocytes  is  fallacious.  With  reganl  to  the 
theories  of  the  origin  of  the  leukocytes,  Pappenheim  states  that  tlie 
large  lympliocyte  is  the  mother  cell  of  all  forms  of  leukocytes,  the 
cbanictcristic  parenchymatous  cell  of  jdl  reticular  tissues,  and  therefore 
of  tijc  lion e-mar row.  The  retl  corpuscles  also  are  derivatives  of  these 
mother  cells.  With  regard  to  the  r6le  of  the  bone-marrt>w  in  the 
production  of  lymphemic  conditions,  it  may  be  recalk*d  thnt  Arnold 
originally  pointed  out  that  the  bone-marrow  is  essentially  a  lymphoid 
stmcture*  This  fact  has  been  emphasized  by  a  number  of  later  writers 
who  have  Wen  eoncenied  with  the  myelogenic  origin  of  leukemia.  A 
considerable  series  of  cases  has  now  been  reported  from  various  places 
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which  prove  beyond  question  the  p^ssibiHty  of  a  purely  myelogenic 
acute  lymphocytic  leukemia. 

Saxer  regards  the  wandering  cell  of  the  tiK8U&^  as  the  parent  cell  of 
lioth  red  and  white  corpuscles.  The  ]>ruduction  of  tlie  corpuscles  is 
brought  about  by  several  generations  of  subdivision  and  differentiation 
of  the  primary  cell. 

Pappenheira,  who  believes  in  the  common  origin  of  the  red  and 
white  cells,  baj^eii  his  conclusions  largely  on  theoretic  considerations,  as 
well  as  on  the  study  of  embryonal  and  adult  marrow.  He  claims  to 
have  discovered  all  kinds  of  transitional  stages  between  lymphtxiytes 
and  megalocytes  on  the  one  hand,  and  granular  leukocytes  on  the  other. 
The  origin  of  the  different  series  of  cells  is  the  primitive  lymphoid 
cell,  from  which  the  differentiated  lymphocyte  of  the  circulation  is 
derived  and  can  not  be  further  transformed.  From  the  primitive 
lymphoid  cell,  however,  may  be  derived  hemoglobiuiferous  cells  as  well 
as  the  granular  leukocytes. 

Grawitz  insists  that  the  large  mononuclear  form  is  the  mother  cell, 
and  be  designates  it  as  an  **  unripe  cell  "  capable  of  differentiation 
iDto  a  ba.sophile  cell  or,  by  neutrophile  transformation,  into  a  neutrophile 
myelocyte.  Acconling  to  his  scheme  of  blood  formation,  all  of  the 
forms  of  red  and  white  corpuscles  are  derived  from  this  original  unripe 
cell.  Wolff,  who  insists  that  the  lymphocytes  c^n  not  be  diflcrentiated 
firom  granular  cells,  in  view  of  the  fact  that  granular  lyraphocytes  have 
been  found  by  Michael  is  and  himself,  and,  fuilher,  who  asserts  that  the 
Ijmphocytes  are  actively  motile,  and  that  active  lymphocytosis  occurs, 
states  that  the  original  leuki>cyte  is  an  *'  indifferent  lymphoid  '■  cell ; 
thfe,  though  similar  to  the  ortlinary  lymphocyte  morphologically,  is 
capable  of  differentiation,  and  the  lymphocyte  of  the  bone-marrow,  he 
states,  is  distinguishable  morphologically  from  the  ordinary  lymphocyte, 
Wolff,  however,  believes  that  in  ix>st-embryonal  life  certain  parts  of 
the  blood-making  system  have  special  function  ;  thus  the  lx»nc-marmw 
makes  grjinulocytes,  the  lymph-ghintls  lymphr>cytes,  and  the  spleen 
large  mononuclear  cells,  but  all  these  organs  contain  indifferent  lymphoid 
oslls.  According  to  his  seheme,  all  forms  of  Ijoth  reel  and  white  oor- 
pQBoles  may  be  derived  from  the  iudiflereut  lymphoid  celL — Ed.], 


DESCRIPTION  AND  SIGNIFICANCE  OF  THE  CELL-GRANULES. 

In  the  last  ten  years  histologic,  biologic,  and  clinical  investigations 
have  delved  deeper  and  deeper  with  continually  increasing  success 
into  the  question  of  the  significance  of  cell^gmnules.  Hematology 
in   particular   has  come  to  a  series   of  important   conclusions  which 
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could  have  bet^ii  reached  by  no  other  means.  It  appears  advisable, 
therefore,  to  detail  the  history,  the  methodic,  and  the  results  of  these 
invest  igationxS. 

The  honor  of  first  calling  attention  to  the  great  significance  of  the 
graimlts,  and  of  reaching  practical  conclusions  by  a  systematic  invent!- 
gation  continued  thmngh  years,  belongs  incontestably  to  Ehrlich.  It 
is  necassaiy  to  emphasize  this  because  Altoiann  has  repeatedly  asserted 
the  opposite  in  spite  of  express  contmdictition.  After  Ehrlich  had 
absolutely  denied  Altnxann^s  pretensions  to  priority,  in  a  s[^>ecial  com- 
munication in  the  year  1891/  Altmann,  in  a  second  edition  of  his 
MemeniavorfjmuHmen,  api>earing  in  1894,  repeats  that  he  was  first  to 
reoogni^^  the  specitic  significance  of  the  granules,  and  that  the  few 
investigators  who  had  observed  them,  considered  them  only  as  special 
and  occiisional  appearances.  In  the  following,  therefore,  there  will  be 
mentioned  a  fe\v  emphatic  points  from  Ehrlich*s  work. 

One  of  the  first  publications  on  this  subject,  which  ap[>eared  in 
1876,^  in  other  words,  ten  years  before  Altmann's  work,  shows  that 
Ehrlich  was  even  then  far  beyond  considering  the  granules  of  the 
cells  as  **  verein2elte  Erseheinungen,''  etc.  Moreover,  only  the  firm 
conviction  that  he  was  dealing  with  extremely  important  biologic  ele- 
ments could  cause  an  investigator  to  devote  ten  years  of  his  principal 
work  to  this  subject. 

In  the  place  mentioned  one  reads :  "  In  the  description  of  cellular 
pictures  the  word  *  granulated  '  has  been  employed  sincje  the  beginning 
of  histology.  This  expression  is  not  verj*  felicitous,  since  many  circum- 
stances may  pnxluce  the  ap]>earance  of  granulation  of  the  protoplasm. 
For  instance,  modern  methods  have  shown  that  many  elements,  pre- 
viously described  as  granular,  give  this  impression  only  on  account  of  a 
net-like  pmtoplasmic  stroma.  It  is,  moreover,  imprcjper  to  designate 
as  granular  those  cells  in  which  granular  albuminous  precipitates  arise 
either  sp«»ntaneously  or  by  rigor  or  under  the  influence  of  certain 
reagents  (alcohol),  since  this  term  must  he  reserved  for  intra  vitam 
deposits  wliich  are  chemically  differentiates!  from  the  normal  albumin 
of  the  ceJL  Only  a  few  of  these  granules,  like  fat  and  pigment,  are 
readily  recognizetl.  By  far  the  greater  number  are  little,  if  at  all, 
characterized  bv  our  present  metluMls.  The  majority  of  investigators 
are  content,  therelbre,  to  determine  the  presence  of  the  granules  in 
certain  cells,  and  according  to  whether  they  were  more  or  less  refractive 
describe  them  as  fat-drops  or  albumin. 

*  For  the  hwtory  of  the  ^^raoules,  see  Ehrlicli^s.  FarhmoLnolyiis^he  Unlermtchun^cii^ 
xii.,  p.  134.  '  /6idLf  pp.  6  and  6. 
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**  Previous  experience,  especially  with  mast-cells,  led  me  to  suspect 
that  these  granules  irresponsive  to  chemic  investigation,  would  become 
recognizable  on  staining — ?.  e.,  by  their  behavior  toward  certain  dyes. 
Further,  I  found  that  these  granules  could  be  so  characterized,  and  was 
able  to  follow  them  through  different  animals  and  organs.  I  was  like- 
wise able  to  demonstrate  that  certain  of  the  granules  occurred  only  in 
very  definite  cells,  and  that  they  characterized  these  cells  as  pigment 
characterizes  pigment-cells — glycogen,  cartilage-cells  (Neumann),  etc. 
Just  as  in  the  differentiation  of  the  proteiform  mast-cells,  our  criterion 
is  the  staining  of  the  granulations  by  dahlia,  which  is  a  microchemic 
reaction,  so  we  succeeded  in  separating  by  their  staining  properties  other 
granular  cells,  impossible  to  differentiate  morphologically,  into  several 
readily  defined  subclasses.  On  account  of  their  differential  character- 
istics, I  would  propose  designating  these  granules  specific  granules. 

"  The  examination  was  made  in  the  way  proposed  by  Koch,  as  fol- 
lows :  the  fluids  (blood)  or  the  parenchyma  of  an  organ  (bone-marrow, 
spleen,  etc.)  were  spread  out  in  the  thinnest  possible  layer  on  cover- 
glasses,  dried  at  the  room  temperature  and  stained  after  a  varj'ing 
period.  I  chose  this  somewhat  rough  method  Nvith  the  idea  that  all 
substances  which,  like  water  or  alcohol,  could  act  a^  solvents,  or  like 
osmic  acid  as  an  oxidizing  agent,  should  be  avoided  in  the  histologic 
study  of  new  granulations  (fearing  new  chemic  combinations),  and  that 
one  should  employ  only  procedures  such  as  simple  drying,  which  would 
as  far  as  possible,  leave  unaltered,  the  chemic  properties." 

A  further  advance  in  this  very  difficult  subject  of  histology  was 
possible  only  through  a  careful  study  of  staining  methods  and  the  rela- 
tions which  exist  between  chenn'c  constitution  and  the  power  of  staining. 
The  sharp  differentiation  of  acid,  basic  and  neutral  stains,  and  the  cor- 
responding oxyphile,  basophile,  and  nentrophile  granulations,  undiscov- 
ered in  all  previous  work,  was  the  first  result  of  this  investigation. 
It  naturally  required  combinations  repeated  hundreds  of  times  to 
produce  the  iriacid  solution^  which,  in  its  original  form  or  slightly 
modified,  continues  to  play  a  prominent  role  in  histologic  study. 

The  separation  of  the  cell-granules  of  the  bloQ<l  according  to  their 
different  chemic  affinities  furnishes  even  to-day  the  most  available 
classification  of  leukocytes.  Ehrlich  insisted  from  the  beginning  that 
different  varieties  of  cells  possem  different  c/rarudes  which  can  be  differ- 
entiated not  only  by  their  behavior  to  stains,  but  likewise  by  their 
reaction  toward  solvents. 

Exactly  in  this  regard  Altmann's  method,  which  makes  use  of  a 
complicated  hardening  process  and  one  single  stain,  is  a  retrograde 
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stepj  since  it  is  apt  to  conceal  the  specific  jieculiurity  of  the  granula- 
tion. 

A  lurther  <li(5ad vantage  of  Altmann*s  metliiwl  of  lianleoiog  i.s  that 
album inons  ^ub^tanees  in  the  csells  are  precipitated  a:?  round  granules 
which  stain  under  the  subsequent  treiittnent.  It  is  theri^ff»re  exceed- 
ingly difficult  to  differentiate  wliat  was  prcfonucd  and  wliat  is  artefact. 
9fuce  the  publication  of  A.  FiscLcr*8  invcvstigation,  iu  wliich  granular 
artificial  pnxUicts  were  exiK^rirncntixlly  produccHi  by  tlie  action  of  dif- 
ferent reagcntSj  dt*iibt  lias  arisen  as  tf>  the  reidity  of  Altnuinn's  pictures. 
In  contrast  to  this  the  drying  nicthod  emjiloyed  by  Ehrlicb  is  absohitely 
unobjectionable.  Granules  can  not  be  artificially  pnjduccil  by  drying, 
ami  tlic  stained  pictures  correspond  exactly  with  %vbat  is  v<eeu  in  the 
fresh  living  blood.  Moi*covcr,  the  greatest  value  of  the  dry  method 
lies  in  the  fact  that  the  chemic  nature  of  the  different  granules  is  pre- 
served, and,  therefore,  the  chemic  tests  are  made  on  objects  almost 
entirely  unchangtHl.^ 

Another  metljod  of  studying  the  nature  of  the  granules  dej^ends  on 
the  principle  of  vital  Htaining.  The  first  attempts  to  stain  granules  in 
the  living  animal  were  incited  by  Ehrlich's  '*  vital  methylene-blae 
staining/*  whicli  Ijas  attained  8uch  grt?at  imiwrtance,  esjK^cially  in 
neurology.  One  of  the  first  publications  on  this  subject  was  that  of 
O,  Schultze,  who  placet!  the  larvfe  of  fn^gs  in  thin  raethylene-blue  sohi- 
tion,  and  after  a  short  time  found  a  blue  staining  of  the  granules, 
also  of  the  intestine  in  particular,  of  the  red  blocKl -corpuscles  and 
other  cells*  Still  this  method,  as  shown  by  Ehrlicb,  in  his  metliylene- 
bhie  studies,  is  not  entirely  unobjwtiouablc  inasmuch  as  the  continued 
action  of  methylene-blue  frequently  pHwhices  granular  precipitates 
wliich  may  be  coufusc<l  witli  pref^)ruie<l  granules.  Teichmann^s  thorougli 
investigations  were  directed  to  this  pJint,  and  he  designates  the  majority 
of  the  gnniules  described  by  Schultze  as  artefacts. 

The  most  suitid>le  dye  for  the  study  of  the  vital  staining  of  granules 
IS  neutral  refJ^  reeommend*Hl  by  Ehrlich,  and  employed  with  g^Mxl  re- 
sults by  Przesmycki,  Prowazek,  S.  Mayer,  Solger,  Friedmaim,  Pappen- 
heim»  and  others*  This  dye,  made  by  O.  X,  Whttt,  from  nitmsodi- 
metliylnnsdiu  and  metattjlnylendiamin,  is  the  hydroehlorie  acid  salt  ijf  a 
basic  dye  which  dissolves  in  pnrt^  water  with  a  fuchsin-retl  (*olor,  and  in 
weak  nlkiiline  s<ilutions — the  alkalinity  of  spring  water  is  sufficient — 
with  a  yellowish  orange. 

Neutral   nnl  is  chanicterized  by  a  great  affinity  for  the  majority  of 

'  AllmHnri'w  fret'xinR  prt»c€*«  I'orresptinds  to  the  reiiuirenieiitH  deiimtidiid  by  Ehrlieh^ 
Still  its  technical  difficuUie^  iire  so  great  th;it  it  \uv»  m  far  me  I  wilb  no  general  approval. 
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granules.  Even  in  (/ertain  jjlant-eells  ElirlicL  succeeded  in  demou- 
fitratingthe  granule.^  by  means  of  tliis  .stain.  Its  employ oient  is  niont 
simple^  namely,  in  the  higher  animals  liy  .subcutaneous  or  intravenous 
injectioii^  or  even  feeding ;  while  iu  the  ease  of  the  larvae  of  frogs  and 
invertebrates  it  is  fi*e<{uently  eufficient  to  allow  them  to  swim  in  a  dilute 
fiolatioD.  The  .stain  ako  succeeds  in  organs  that  stirvive  the  death  of 
the  organism.  This  is  best  accomplislied  by  placing  small  pieces  in 
physiologic  salt  si^hition  to  which  a  trace  of  licntnd  red  has  been  added^ 
and  allowiug  them  tt>  remain  there  for  a  short,  time  exposLil  to  the  open 
air.  When  the  object  is  macroscopictdly  rwl,  it  is  ready  for  e-\amination. 
The  best  results  are  naturally  obtaioefl  in  organs  which  arc  readily 

I  teased — e,  ^.,  tlie  eggs  of  flies  and  the  Malpighian  ctinals  of  insects. 
The  stain  should  be  so  prepared  tliat  a  ver}'  long  time  is  not  required  for 
its  action,  and  a  very  high  concentration  must  likewise  be  avoided.  A 
dilution  of  abimt  1  :  50,000  to  1  :  100,000  is  most  suitable  in  order 
that  the  nucleus  may  remain  unstained.  The  endeavor  is  to  obtain 
pictures  in  which  the  granules  alone  are  stained,  while  protoplasm  and 
nucleus  remain  unstjiineil.  Artt^fucts  can  not  be  entirely  excluded  ;  in 
plant  cells  containing  tannin  they  are  due  to  the  format  tun  and  prt^cipi- 
tation  of  tannic  acid  «ilts  of  the  dye.  In  individual  cases,  however,  it 
is  cot  difficult  for  the  exi>erieuceil  to  recognize  the  artificial  products  as 
sucb«  The  apjiearance  of  the  gmnules,  their  typiciil  distribution,  their 
likeness  to  those  of  neighboring  colls,  tlie  combination  i^^  dilfcrcnt 
lDetlK)ds,  the  com{MU'ison  of  the  same  obji-ct  in  pure  vital  and  sim-imd 
itainhi^f  render  the  diagnosis  ea.sy  and  prevent  error. 

Tbe  majority  of  jL^^raunh^  in  vertebrates  are  staini^d  orange-red  by 
the  neutral  reil,  corres[Kii]ding  to   the   faint  alkalinity  present.     Much 

'  more  rarely  granules  are  seen,  wln'ch  stain  a  pure  fncusin  red,  and 
which  therefore  must  possess  a  faint  acid  reaction. 

As  a  valuable  addition  to  the  nentml  red  method  combination  stain- 
ing is  to  recommended,  EhrHeh  employ b1,  for  instance,  for  the  larvio 
of  frogs,  a  neutnd  nnl  wdution  to  which  a  trace  of  methylene-blne  had 
been  aihled,  and  found  retl  granules  almost  exclusively,  the  gninnles  of 
the  unstrii>ed  mus*^le  of  the  intestine  alnnc  staining  intensely  blue.  By 
the  ai*l  of  a  tnf»le  combination  Ehrlich  olitained  furtlicr  (xunts  of  differ- 
entiation in  the  living  cell-granules.  There  can  ]w  no  question  that  a 
tborough  study  of  this  neutral  red  nietlnxl  will  kwl  to  further  imp»r- 
tant  eoiiclusitms  as  t^*  the  natnn^  and  functiim  of  the  granules  in  the 
problem  of  cell-life,  Kven  the  information  gleaned  up  to  the  prest»nt 
Ims  furnishiMl  definite,  well-groundeil  facts  iu  reg;ir*l  to  the  biologic 
aignificance  of  the  cell-gninnles* 
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In  his  first  publiwition,  Ehrlich  described  tlie  gniiiiiles  as  metahoHo 
proilucis  of  the  ceil  depo^iited  in  a  solid  fornix  some  of  which  were 
intended  as  reserve  material,  others  were  to  be  exereteil  frora  the 
cell.  Later  he  rejected  this  view  for  a  time  on  account  of  eertain  ob- 
servations in  liver-oell^i,  thorou«i:hly  describtHl  in  the  well-known  work 
of  Frerieh  (1883,  p.  43),  Ehrlieli  denion??trat«l  that  in  dry  prepara- 
tions of  a  rabbit's  liver  which  contained  considerable  glya)geu  the  liver- 
cells  appeared  as  large  polygonal  elements  of  uniform  horao|2^neous 
brown  color  limited  at  the  periphery  by  a  thin,  sharp,  pure  yellow 
membrane.  In  cells  conUiining  less  glycogen  round  pnre  yeilowish 
particles,  evidently  of  protoplasmic  nature,  were  found  deiK>sited  in 
the  homogeneous  glyeogf^n  brown  eijutents  of  the  cell.  '*  On  staining, 
it  was  si'en  that  the  general  hyaline  part  of  the  cell  which  contained 
the  glycogen,  remained  unaffected,  while  the  membrane  and  the  granules 
present  stained  with  all  possible  dyes.  Moreover,  the  membrane  could 
be  chemically  differentiated  from  the  gnuiules  in  that  with  eosin-aumn- 
tia-indiilin-giycerin  tlie  membrane  stained  black,  the  granules  retldish 
orange," 

From  these  observations  Elirlirh  then  tMiaebided  **  that  in  the  digest- 
ing liver  the  cells  possess  a  small  protoplasmic  membrane  and  homo- 
geneous contents  containing  glycogen  in  wliiuh  the  nucleus  and  the  rouiuf 
(functionating?)  tjranfff^"^  **f  the  protoplasm  are  dei^sited. 

**  If  we  compare  these  results  wiili  tliose  dettirmined  by  recent  in- 
vest igtition,  the  jKtsiti^tn  of  the  glycogen  is  evident.  Kupffer  found — 
and  this  is  now  acknowhKlge<l  as  a  genemlly  applicable  law — that  the 
contents  of  the  liver-cells  do  nt>t  represent  a  microscopicjilly  homogi^ne- 
ous  substance.  In  cells  in  whicli  he  pn'served  life  he  f  mnd  near  the 
nucleus  two  substances  reatlily  ditl'erentiated  from  one  another^  namely, 
a  hyaline  gnuiml-snlistance  imI)edde^^  in  a  smaller  amount  of  a  finely 
granular  fibrillar  substance,  ICufiffer  calletl  the  first  parapfasm,  the 
second  profopiamt.  On  lifMjting  to  alM>nt  22°  C,  an  evident  though 
slnggish  movement  apiH*ared  in  the  network.  It  ean  not  be  doubted 
that  the  gnmnlar  network  (the  protopla-^m)  is  tlie  lut^re  important,  and 
the  assnm|»t!on  is  warranted  that  in  tlic  gmnnlatirm  of  this  netwt^rk  the 
sesit  of  specific  cell  fnnction  will  be  found.  In  any  case  it  is  udvisjible 
that  these  grannies  found  in  the  liver-cell  in  the  fonn  of  ilistinct  round 
or  oval  ImmIic^,  whieh  stain  yell<>w  w^ith  iodin  and  are  likewise  readily 
staine^l  by  other  methiuls,  be  describpil  by  a  s|>ecial  name,  for  instance, 
microsomes  (Hanstein)." 

It  was  nect*ssary  to  (|nnte  this  previous  work  so  extensively  iti  order 
to  demonstrate  tliat  Khrlich,  as  far  Imrk  as  ISS:],  d<  sc*rihiHl  the  granules 
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as  iSbe  specific  carriers  of  the  cell  function,  a  view  which  many  years 
later  Altmann  advocated  under  the  name  ''  bioblastic  theory."  More- 
over, it  contradicts  Altmann's  repeated  assertion  that  he  was  the  first 
to  attribute  such  importance  to  these  granules. 

The  significance  attributed  by  Altmann  to  the  granules  which  he 
described  as  ''  ozouophores "  is  apparent  from  his  own  words  (p.  39, 
last  edition,  Die  ElemeiUarorganiamen). 

'Vjn  the  ozouophores,  therefore,  we  have  elements  capable  of  replac- 
ing the  living  protoplasm,  at  least  as  far  as  its  vegetable  function  is  con- 
oeme(}^and  of  serving  as  a  foundation  for  the  many  processes  of  organic 
metabolism.  Considering  again  the  properties  of  the  ozouophores  in 
brief,  they  are  capable  of  both  reduction  and  oxidation  by  means  of  the 
transference  of  oxygen  and  of  thus  effecting  the  decomposition  and 
combination  of  bodies,  without  losing  their  own  individuality." 

In  the  meantime  Ehrlich  had  made  various  observations  which  did 
not  accord  with  his  earlier  hypotheses  and  Altmann's  far-fetched  con- 
clusions. Investigations  in  regard  to  the  oxygen  requirements  of  the 
organism  especially  showed  him  that  the  "ozouophores"  could  not  be 
an  integral  constituent  of  the  cell.  In  support  of  this  he  adduced  the 
fact  that  cells  normally  occur  in  which  with  our  present  methods  no 
granules  can  be  found.  Finally,  a  pathologic  observation  showed  it  to 
be  impossible  that  the  granules  could  be  the  carriers  of  the  cell  function. 
In  the  examination  of  a  case  of  pernicious  anemia  (see  Farbennnahji- 
igche  Untersuchungen)  Ehrlich  found  the  polynuclear  cells  of  the  blood 
and  the  bone-marrow,  as  well  as  their  primary  .stages,  free  from  neutro- 
philic granulation.  Upon  this  discovery  Ehrlich  returned  to  his  original 
opinion  that  the  granules  are  secretory  products  of  the  cells,  and  defined 
his  position  in  the  following  words  : 

"If  the  neutrophile  granulations,  as  Altmann  assumes,  actually 
represent  elements  which  furnish  the  cell  with  oxygen,  such  an  occur- 
rence as  that  just  descril)ed  would  be  impossible  for  the  reason  that  with 
the  disappearance  of  the  granules  the  cell  would  necessarily  die;  however, 
fnini  the  standpoint  of  the  secretory  theory  this  finding  is  readily  ex- 
plained ;  for  just  as  under  certain  circumstances  the  fat-cells  may  lose 
their  contents  without  dying,  the  bone-marrow  cells  may  occasionally 
l)e  unable  to  form  neutrophile  granulations  when  the  blood  does  not 
deliver  the  necessarj'  material,  and  they  may  consequently  be  transformed 
into  non-granular  cells." 

The  theory  that  the  granules  are  peculiar  metabolic  pnxlucts  of 
cellular  activity  is  supjK^rted  by  their  chemic  differences.  Ehrlich 
remarked  this  especially  in  the  blood-cells,  in  which  the  granules  can  be 
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diScTentiated  not  only  by  their  reaction  to  stains,  but  alao  by  their  form 
and  solul>ility. 

[As  far  a.s  this  controversy  is  concerned,  it  appears  that  Altmann 
has  consistently  defended  his  original  projwsition,  that  the  granules  are 
primitive  anatomic  constituenta  of  the  cellj  while  Ehrlich^s  view  has 
undei^ne  some  change  as  is  here  detailed » — Ed,] 

Moreover,  while  the  majority  of  granules  show  a  more  or  less  round 
form,  we  find  them  in  some  species  of  animals,  for  instance,  birds,  char- 
acterizetl  by  a  pronounced  crystalline  form  and  marked  oxypliilia.  Even 
the  substance  conttiined  in  the  mast-cell  granulations  of  some  species  of 
animals  shows  a  cr}^stalline  shape. 

The  size  of  the  individual  specific  granules  is  definite  for  every 
species  of  animal  with  the  exception  of  those  in  the  mast-cells.  The 
eosinophile  granulations,  for  instance,  attain  their  giHiiitest  size  in  horses, 
where  true  giant  forms  are  seen. 

Granular  widte  blo(Rl-oells  have  been  demonstrated  in  the  mmt 
different  species  of  animals,  even  the  invertebrate.^,  especially  the  lamelli- 
bmnehiatie,  the  polychetie,  the  pedatse,  the  tunicatte,  the  cephalopodes, 
as  Knoll  has  shown. 

Numerous  aud  accurate  investigations  have  been  made  especially  on 
the  higher  vertebrates,  Tliere  are  recognized,  for  instance,  in  birds,  two 
oxyphilic  granules,  one  deposited  in  crj^stal  form,  the  other  in  the  ordinary 
granular  form*  Among  the  mammalia  the  majority  of  animals  examined 
fshowed  a  gninnlar  jxily nuclear  cell,  and  very  rewntly  Hirschfeld  devote*! 
a  special  investigaUon  to  this  subject*  Among  other  important  details, 
he  found  neutrophile  graiuiles  in  tlie  polynuclear  cells  of  all  animals 
examinetl  except  tlie  white  mouse. 

Tlie  invc.stig;itions  of  Dr.  Franz  MilUer,  made  some  years  ago  in 
Elirlich's  laboratory,  show  that  this  assertion  of  Hirschfeld'g  is  not  to 
be  relied  upon.  After  many  painstaking  efforts  Miiller  sucsoeedetl  in 
finding  a  method  {which  he  has  describetl)  by  nutans  of  which  numer- 
ous though  very  fine  granules  were  discovered  in  the  polynuclear  c^Us 
of  the  mouse.  This  instance  shows  that  the  absence  of  granules  can 
not  he  assumed  from  the  failure  of  the  ordinary  staining  methods. 
A  universal  method  is  no  more  applicable  to  all  granules  than  to  all 
varieties  of  bacteria.  Consef|oently  granules  consisting  of  readily 
soluble  substances  may  apfmrently  distippcar  under  the  ordinary  triacid 
method  and  delude  ttie  olj,stirver  by  a  homogene<:>us  cell-i>rodiiction. 

[It  niiiy  1m?  asked  whether  this  fact  has  been  sntricicntly  consideriHl 
in  connection  with  instances  like  Elnlich's  case  of  pernicious  anemia  in 
which  non-granular  polymorphonuclear  cells  were  found.-^Eo.] 
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Naturally  tbk  explanation  does  not  deny  the  occurrence  of  non- 
granular |x>lynuclear  cells  in  certain  species  of  animals*  That  granular 
:ind  uou-gninular  poly  nuclear  cells  are  found,  fur  insUnce,  in  dogs,  is 
granted  by  Hirschfeld,  and  he  draws  from  thia  fact  the  broadest  eoncUi- 
d<Hi  ai^  to  the  significance  of  the  gninidt?^!.  Still,  nn  tlie  ground  of 
Kiirloffs  work  (see  p.  73),  we  must  insist  that  there  is  no  proof  that 
llie  non-granular  jvolynuelear  ccUb  are  identical  with  the  granular  ones. 
Il  ha»  been  shown  by  Kurloff,  at  leiist  in  the  case  of  guinea-pigs'  blood, 
that  these  two  elements  are  sharply  separated  fn>m  one  another  and  have 
a0  entirely  different  genesis. 

An  important  fact  in  regard  to  the  nature  of  the  granules  is  that 
they  are  found,  in  general,  in  all  species  of  antmals  only  in  the  cells 
of  the  blood  which  are  capable  <if  motility.  That  a  certain  nutritive 
fuDctioD  is  therefore  to  be  attributed  to  the  gmuules,  can  scarcely  be 
doubte<l,  since  it  is  naturally  cells  containing  considerable  reserve 
matter  that  would  be  especially  adapteti  f>r  this  piirjwse.  Moret»ver, 
the  lymphocytes  which  lack  the  faculty  i)^  emigration  are  also  almost 
entirely  lacking  in  specific  granulations, 

A  further  pnxif  that  the  granules  stand  in  relation  to  a  specific 
activity  on  the  part  of  the  cell  lies  in  the  fact  that  a  cell  invariably 
contains  only  one  variety  of  granulation.  The  contrary  assertion,  that 
neutropbile  and  eosinophile  or  ensinophile  and  raastH:jeIl  granulations 
occur  in  one  and  the  same  cell,  is  denii^l  by  Ehrlich  on  the  ground  of 
exleniitv^e  observations  directed  especially  \n  this  subject.  Nor  h.is  he 
ever  seen  the  transition  of  a  pseudo-eosinophile  cell  of  a  rabbit  into  a 
tnie  eosinophile.* 

That  such  a  transition  does  not  take  place  is  most  readily  prr>ved  by 
the  fact  tliat  the  difiercnt  gmnulatiuns  behave  diifercntly  t*i  h)1  vents. 
By  tlie  aid  of  acids,  for  instance,  the  pseudo-eosinophile  granules  may 
be  extracted  from  the  cells,  while  the  eosinophile  remain  intact  and 
can  be  staincKl  separately  fr<jm  the  pseudo-eosinophiles. 

The  most  evi<lent  pnxjf  thiit  the  neutrophile,  eosinophile,  and  mast- 
cells  are  sepamble  from   one   another   by  nriginiVl    ilitrerences   in   their 

*  The  varied  staining  of  Uie  jBrriiniilfM  at  iiitTt^ivTit  sita^^t^n  of  flevelopmenl,  discufwetl  on 
p.  1^7,  lian  given  vviie  (a  thin  inistimlvrHtnndin^.  ll*>w  liulf  stiiining  jirofx^rties  alone  e,in 
be  Ulcen  as*  n  criterion  to  delemiine  the  cliemic  tdentkr  of  ^mnides,  i«  at  once  evident 
on  con<iMlering  the  j^mnuU***  of  other  organs.  No  one  would  «ny,  for  inPtanee^  that 
m  Uvcr-,  muacle-»  or  bmin-ceU  could  secrete  [Hincreatin  sin^ply  becjiuf*e  with  didcrent 
ii>ethods  of  stJiining  the  granule?*  of  the  jmncnaii*  stain  smuliirW  to  the.'H.*  cellK.  We 
wi^h,  fherefoi-^,  lo  insint  ex|»rt^*^!y  thf*t  we  a»*uine  a  shnilarity  of  chunu'ter  from  the 
vwiety  of  (rrnnulntion  only  in  the  cii^^e  of  tlie  l»lo<jdH.vlls  whii^U  have  :t  roinpai-atively 
•unfile  fanrtlon^  while  we  :o'ku(»wk'><l^«!  that  in  highly  compliratiHl  ^lamlular  ndls  which 
pcffomi  ilitierpnt  functions  siimdtaneously,  (several  ViixiU  of  gnuiulcs  may  he  prLrsent, 
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protoplasm,  of  which  the  graDulations  represent  only  one  factor,  is 
found  in  the  study  of  the  different  forms  of  leukocytosis.  Here  we 
find,  as  will  be  more  thoroughly  discussed  in  the  next  chapter,  that  the 
neutrophile  and  eosinophile  leukocytes  act  very  differently  in  regard  to 
chemotaetic  irritation.  The  substiinees  which  act  in  a  positive  or 
negative  chetiiotactic  manner  on  one  group  of  cells,  as  a  rule,  prove 
indifferent  ti>,  or  have  a  reverse  action  on  other  groups.  In  this  regard 
the  difference  Ijetween  the  mast-cells  anil  the  other  two  varieties  is 
most  strikiog,  ft>r,  as  fur  as  investigations  extend,  they  are  not  at  all 
influenced  hy  snl^stances  acting  chemotactically  on  the  neutroj whiles  or 
eosinophiles. 

Corresponding  to  the  character  of  the  granules  as  specific  secreiiouh 
of  the  cell,  the  different  liirms  nuist  be  sharply  differentiated  from  one 
another  in  their  cheraii'  properties.  The  granules  of  the  blood-cor- 
puscles apjiear  to  be  of  a  relatively  simple  cheraic  composition.  At  least, 
we  have  grounds  for  the  assumption  that  the  crystalline  granulations 
usually  consist  of  a  single  substance  which  seems  to  be  a  relatively 
simple  body,  somewhat  similar  to  guaniu,  fat,  melanin,  etc.  The  other 
granules  certainly  have  a  more  complex  composition,  and  sometimes 
consist  of  a  mixture  of  diflerent  chemic  suljHtance^.  The  most  com- 
plicated granules  in  the  blood  are  undoubtedly  the  ensinophilcs,  and,  as 
previously  described,  they  also  show  a  higher  liistt4ogic  structure  in 
that  we  can  differentiate  an  evident  [peripheral  marginal  layer  and  a 
central  (jart.  We  may  mention  tliat,  according  to  Barker,  the  eosino- 
phile  granulations  seem  to  contain  iron. 

The  keystone  of  the  hypothesis  of  the  secretory  nature  of  the 
granules  would  be  furnished  unly  l>y  direct  observation  of  the  secretory 
procefis  itself  Such  investigations  are  naturally  extremely  difllcult, 
inasmuch  as  a  series  of  fortunate  coincidences  would  be  essential  to  the 
study  of  the  steps  of  the  process. 

For  such  investigations  the  mast-cells  are  especially  adapted,  since 
their  sjiecific  granules  are  sharply  characterized  by  a  peculiar  metachro- 
matic stain  and  such  a  marked  affinity  to  basic  dyes,  that  ihey  remain 
stained  even  after  the  pre  j>a  nit  ion  has  been  almost  complctly  deeulor- 
ized.  As  a  matter  cif  fact,  we  not  infrequently  find  conditions  in  the 
mast-cells  attributable  only  to  such  secretory  processes. 

In  the  first  jvlat^^^  we  sometimes  see  the  grim  ul  at  ions  dissolve  in  the 
protoplasm,  and  in  tiiis  dissolved  condition  diffuse  (hroughout  the 
nucleus.  In  place  of  the  ctihtrless  nucleus  surrounded  hy  the  intensely 
stained  metachromatic  grauiilatinns  r>rdinarily  seen  in  the  mast -cell 
(see  p.  %'^)y  a  markedly  .staimnl  nucleus,  of  the  same  eulur  as  the  gnrnu- 


NORMAL  AND  PATHOLOGIC  HISTOLOGY  OF 'THE  BLOOD.   106 

latioDS,  is  found  surrounded  by  a  protoplasm  which  shows  only  traces 
of  the  granules. 

The  occurrence  of  a  peculiar  ring  in  the  mast-cell  noted  by  different 
observers  is  still  more  convincing.  Ehrlich  first  described  this  area  in 
his  book  (m  the  oxygen  requirement  of  the  organism.  A  few  years 
ago  Unna,  unaware  of  Ehrlich's  discovery,  described  an  analogous 
finding  as  follows  :  "  With  the  new  mast-cell  stain  (polychrome  methy- 
lene-blue,  glycerin,  ether  mixture)  the  mast-cells  were  found  in  a  few 
instances  in  the  same  case  more  than  double  as  large  as  ordinarily,  owing 
to  the  staining  of  a  large  round  area  in  the  center  of  which  lay  the 
well-known  mastr-cell,  consisting  of  a  blue  nucleus  surrounded  by  deep- 
red  granulations.  Stronger  powers  showed  that  although  this  area 
was  exactly  of  the  same  red  color  as  the  granulations,  it  was  not 
granular  but  finely  spongy.  We  had  to  do,  therefore,  with  a  spongio- 
plasm  peculiar  to  thase  mast-cells." 

The  appearance  described  by  Unna  in  these  mast-cells  can  be  pro- 
duced artificially  by  leaving  the  preparations  stained  with  oxonin  (the 
oxygen-containing  analogue  of  thionin)  a  short  time  in  levulose  syrup 
or  in  watery  glycerin.  By  this  means  a  portion  of  the  stained  mast- 
cell  is  dissolved  though  retained  about  it.  Still  since  Unna  has  had 
extensive  experience,  especially  in  regard  to  mast-cells  and  their 
methods  of  staining,  we  must  assume  that  the  area  described  by  him 
was  preformed  and  did  not  arise  in  the  preparation. 

We  must  conclude,  therefore,  that  an  analogous  proceas  can  occur 
during  life,  when  this  area  would  represent  a  vital  secretion  of  the 
specific  mast-cell  substance.* 

A  discovery  made  by  Prus  in  the  so-called  purpura  of  horses  is 
likewise  to  be  explained  as  a  secretory  procej?s  of  the  mast-cells.  He 
described  hemorrhagic  foci  in  the  intestinal  walls  containing  young 
mast-cells  which  showed  at  their  periphery  formations  which  were  dif- 
ferentiated by  staining  from  any  ordinarily  seen  in  mast-cells,  yet  from 
their  shape  and  position  it  was  evident  that  they  had  arisen  in  the 
ma^t-oells.  Prus,  therefore,  came  to  the  conclusion  *^  that  the  degener- 
ating young  mast-cells  secrete  a  fluid  or  half-fluid  substance  which  as 
d  nile  coagulates  on  reaching  the  surface,  though  rarely  within  the 
cell.'' 

*  During  correction  of  the  proofs  the  writer  obtained  information  of  C'alleja's  work  on 
the  mast-cells,  from  which  it  appe^irs  that  8.  Riiymon  Cajal  recognized  the  halo  of  the 
mast-cells  and  explained  it  in  the  way  just  indicated.  Calleja  also  desorilx«  this  halo,  as 
well  as  the  methods  for  demonstrating  it  (staining  with  thionin  and  the  preservation  of 
ibe  section  in  glycerin).  Still,  from  what  has  been  said,  the  writer  can  not  admit  that 
this  method  is  suitable  for  the  demonstration  of  the  preformed  halo. 
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Moi'eover,  observations  liiive  cx^cat^iooally  been  made  on  polyniiclear 
ueutrophiJe  and  eosinophilc  cells  which  indicate  that  the  granular  sub- 
stance may  l>e  excreted  exteriorly.  Han  kin,  for  instance,  found  in  the 
blood  of  mbbit^  in  which  he  had  producefl  an  experimental  lenkocytosia 
an  evident  progressive  tlecrease  of  the  (pseudo-)  eosinophile  granules 
when  he  left  the  preparations  some  time  in  the  therm r»8tat.  Moreover, 
in  cases  of  ^nppuration  in  man,  especially  in  old  abscesses  (Jaiiowski), 
we  find  a  dinu'nution  of  the  |>oIynnclt^ir  neutrophile  (:rraniile.s,  even  to 
their  entire  disappearancei  which  is  to  be  explained  only  by  the  excre- 
tion of  the  gnmnles. 

All  these  facts  and  considerations  lead,  therefore,  to  the  conclusion 
tliat  the  wandcrint?  c^lls  are  generally  capable  of  excreting  the  granules. 
This  is  perhaps  one  of  the  most  impirtant  functions  of  the  polynuclear 
leukocj^tes. 

LEUKOCYTOSIS. 

The  prol>loni  of  leukoeytfisis  is  one  of  tlie  most  ai^tively  disenssed  in 
miHJcru  aredicine.  An  exliunstive  (k'scription  of  the  work  devote*il  to 
it,  the  methods  employed,  and  the  conclusions,  would  alone  fill  a  volume, 
and  would  fiir  exceeil  tlie  limits  of  a  treatise  on  blocKl  diseases.  We  can, 
therefore,  only  mention  in  brief,  the  principal  views  and  go  into  detail 
only  in  regard  to  purely  hematologic  qnestions. 

Vircbow  designatttl  as  '*  h^ukocytosis "  the  transitory  increase  of 
leukocytes  in  tlic  MrKxl  wfiicli  he  demonstratcHl  in  a  large  inmil>er  of 
histologic  and  pathologic  eouditions.  Following  him,  special  attention 
was  paid  to  its  occurrence  in  infectious  diseases,  and  to  these  investiga- 
tions during  the  lust  tiftec^n  years  we  owe  the  most  imjiortaut  eonclnsions 
as  to  tlie  biolog^ic  significance  of  this  symptom.  The  greatest 
credit  is  due  to  Metsehnikoff  for  liis  effective  pioneer  work  in  the 
theory  of  phagtx^vtosis,  and  though  this  thciiry  has  been  demolished  in 
many  of  its  inijHirtant  details,  it  incited  much  of  tlie  investigation  done 
ou  the  subject  generally. 

To  indicate  Metsehnikoff^'s  teaching  by  a  few  strokes  requires  only  a 
paraphrasing  of  tlie  pregnant  wonl  '*  pliagocyte,  sciivenger  cell."  This 
won!  alone  makes  the  tbeory  evident,  namelvj  that  the  leukocytes  pro- 
tect the  IkhIv  fn*m  injurious  microHtrgauisms  by  taking  them  up,  and 
thus  preventing  further  action.  The  occurrence  of  ao  infectious  disease, 
thereffvre,  depends  on  whether  a  snffieient  nnnibc»r  of  lenkcM\vtes  are 
pnNsent  in  the  bloLnl  to  corresjwmd  to  the  invading  bacteria. 

This  th(*<iry  of  I^retschnikoff  underwent  decidtnl  modifications  on 
further  invcstigatiou.  Dcnys,  Buehner,  Martin  Hahn,  Goldscheidt*r 
and  Jaeob,  LiHvy  an<l  Richter,  and  many  others  have  demonstniteil  thai 
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the  most  im[M>rt;iut  ^veaImns  of  the  leukocytes  are  not  their  pseud ojKjdia, 
by  which  they  mcehaiiiciilly  tiike  n\i  the  bacteriaj  but  mtber  the  chemic 
products  (**  alexins,"  Buchuer)  which  they  excrete.  These*  excretory 
products  are  antitoxic  or  bactericidal  in  actioo,  and  paralyze  the  toitiDS 
produced  by  the  bacteria,  thus  reuderiug  the  invaders  iuuoeuous  by  the 
deetruction  of  their  weapfiusj  even  when  tlicy  do  not  destroy  tlie  organ- 
isms themselves. 

The  fact  that  the  leukocytes  are  almost  always  increased  in  the  blotxl 
ID  bacterial  diseases  corres[ionds  to  the  chemic  as  well  as  the  phagocytic 
thecjry  of  leukijcytosis  on  the  principle  of  rlianfdnxi^  discovered  by 
Pfeffer.  For  according  to  this  the  bacteria  or  their  metabolic  products 
are  capable  of  attracting  by  chemic  irritation  the  cells  st4jred  in  the 
blof»d-making  organs  ("  positive  chemotaxis").  In  cases  in  which  a 
diminished  number  of  leukocytes  is  found  in  the  blotxl,  we  see  the  result 
of  a  repulsion  of  the  cells,  **  negative  chemotaxis/' 

On  the  further  experimental  investigtUion  of  leukocytosis,  after 
learning  that  it  could  l>e  j>rcKluccxl  by  the  injection  of  different  chemic 
substances  (bacterial  proteins,  albumoseis,  organic  extracts,  ete.),  it  was 
found  that  its  expbmation  on  the  theory  of  chemotiixis  was  by  no 
means  complete.  Ixhvit,  for  instance,  showed  that  on  the  introduction 
of  these  substances  twoditferent  stages  were  to  be  differentia  tin  I :  First, 
a  stage  in  w4iicb  the  leukocytes  were  diminished  ("  leukopenia,''  Lowit), 
this  diminution  atfectiug  nnly  the  {xdynucleiir  cells,  while  the  lympho- 
cytes remained  normiU  ;  following  this,  a  stuge  in  which  the  white  blood- 
ooqiuscles  were  increased,  this  increase  being  likewise  limited  to  the 
polynuclear  cells,  making  a  poly  nuclear  leukocytosis.  This  seemetl  to 
indicate  that  during  the  first  period  there  is  a  destruction  of  white  blood- 
corpuscles,  and  ihat  it  is  the  sohjble  products  of  these  which  act  ehenH>- 
tactically  in  causing  the  ontwandering  of  new  leukocytes.  To  this 
theory  new  objections  arose. 

(ioldst^heider  and  Jaetib  especially  proved  on  caref\il  experiment  that 
the  transitory  leukopenia  of  the  bloixl  is  not  a  true,  Init  only  an  appar- 
ent one,  produced  by  an  altered  distribution  of  the  white  bltn)d -corpus- 
cles within  the  vesst^s  ;  and  that  while  the  perij>heral  vessels  from  which 
the  bhxid  is  genenilly  taken^  show  a  diminution  of  leukocytes,  **  A//po- 
Iruiftcytmifit/*  the  capillaries  of  the  internal  oi^ns,  esi>eeiaUy  those  of 
the  lungs,  show  an  outspoken  increase  of  leukocytes,  **h^/perkniko(^^/iomK^^ 
Still  other  important  factors  speak  against  the  significance  attributed  by 
Low  it  to  the  leukopenia.  It  is  a  priori  impossible  to  understand  how 
different  substances  which  exercise  an  evident  chemotactic  effect  on  the 
leukocytes  in  the  tube  experiment  would  require  under  other  cii*c^um- 
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stancej^  the  previous  action  of  procluets  of  k'ukt»cytic  decompcsitioS. 
Moreover,  general  clinieal  ex|)erience  is  agninst  Lo wit's  theory,  for 
though  hyperleukoeytoshi  in  frequently  observed  in  infections  diseases, 
it  is  but  Kirely  that  a  transitory  stage  of  leukopenia  is  seen. 

This  eon  trad  ict ion  of  Lu\vit*s  experinientul  finding  i^  readily  ex- 
plained when  we  eons^ider  how  very  ditlerent  an  experiment  Is  from  a 
natural  disease-process.  In  the  former  the  animal  experimented  on  is 
overwhelm ed  at  onoe  by  an  intravenous  injoetion  of  the  injurious  sub- 
stance, and  an  intense  acute  raietion  of  the  vasenlar  system  is  naturally 
the  result.  In  the  natural  infection  the  poison  enters  insidiously  and 
increases  gratlually,  and  possibly  the  hypjleidcocytosis  is  for  this  reasoa 
niueh  less  frequently  seen  in  the  n^irmal  course  of  infeetious  diHeases 
than  in  the  lirnsque  experinicut. 

An  inuneuse  amount  of  material  has  Ijeen  gathereil  together  on  the 
clini«d  significance  of  leukocytosis,  espeeially  in  infectious  diseases  and 
their  individual  stages.  Taking  from  this  material  pneumonia  as  the 
best  stoditMl  exam)>le,  we  find  the  constant  oeeurreuce  of  leukocytosis  in 
a  typicid  case  to  Ix^  incontestable.  It  usually  lasts  till  about  the  crisis, 
when  the  nund>er  of  le*ukoeytes  gradually  diminishes  to  even  below  the 
DormaL  The  absence  of  lcnk<jcytosis  in  severe  or  fatal  eases  (Kidodse, 
Sadler,  v.  Jaksch,  Tschistowitcli,  Tilrk,  and  otliers)  is  of  special  ira- 
jKirtance* 

The  observation  has  likewise  been  made  in  many  other  diseases  that 
hyper  leu  koeytosis  is  as  a  rule  absent  only  m  severe  or  otherwise  utyi>ieal 
cases.  Moreover,  several  investigators  (Lowy  and  Eiehter,  M.  Hahn* 
Jactilj)  have  lx*en  able  to  show  that  an  artificial  hyperk^n koeytosis  influ- 
ences the  course  of  d  i  tl  er  ei  1 1  i  n  feet  ions  d  iseas^^s  fa  v  orab  1  y .  T 1  te  q  ues  t  io  n 
liow  this  succeeds  in  pniteeting  the  body  is  at  present  actively  discussed, 
and  its  solution  o[)ens  up  the  most  difficult  problems  in  biology* 

The  morphologic  character  of  leukocytosis  is  by  no  means 
tmifbrm,  an*!  acconling  to  the  variety  of  cell  increase  we  must  scpanite 
diilerent  kinds  of  leukocytosis* 

In  accordance  with  the  views  wdiich  have  Irm^u  cxpresseil  in  [treeed- 
ing  sections,  we  must  consitler  whether  those  varieties  of  leu  kite  vtes  are 
inereastHl  which  are  ciipaide  of  indei>endent  motility,  and  of  resi>ond- 
ing  to  chemotaetic  irritation  by  emigration  (**  active  leukocytosis  "),  or 
others  whielt  |K»>sess  no  such  motility,  and  are,  tliei^fore,  oidy  passively 
forced  into  the  circulation  ('*  passive  leukocytosis''). 

The  passive  form  of  leuktK?ytosi8  corresponds  to  the  different  form.'? 
of  lymphemia  occurring  in  tlie  course  of  leukemia  and  other  iliseases. 
In  the  stx'tion  on  the  Lymph-glands  (see  p.  85)  the  writer  has  thoroughly 
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described  this  condition^  and  has  shown  that  a  suppuration  consisting 
of  lymph-cells  does  not  exist. 

In  sharp  contrast  to  this  there  are  specific  inflammatoiy  products 
(pus,  exudate)  consisting  of  similar  cells  for  every  specific  form  of  active 
leukocytosis. 

Active  leukocytoses  are  divided  into  the  following  sub-groups : 

o.  Polynuclear  leukocytoses  : 

1.  Polynuclear  neutrophile  leukocytosis, 

2.  Polynuclear  eosinophile  leukocytosis. 

^.  Mixed  leukocytoses  with  participation  of  the  granuliferous  mono- 
nuclear elements,  "  myelemia.'^ 

Poljrnuclear  Neutrophile  I/eukocjrtosis. — Among  the  forms 
of  active  leukocytosis,  this  is  by  far  the  most  frequent.  It  may  be 
produced  by  a  large  number  of  very  difierent  conditions  and  influen^ces. 

Virchow,  the  discoverer  of  leukocytosis,  suggested  that  it  is  due  to 
irritation  of  the  lymph-glands,  which  respond  "by  an  increased 
formation  of  cells  and  an  enlai^ment  of  the  follicles,  so  that  after  a 
short  time  they  contain  more  cells  than  previously."  The  enlargement 
of  the  lymph-glands  is  followed  by  an  increased  number  of  lymph- 
cells  in  the  lymph,  and  then  by  an  increase  of  colorless  corpuscles  in 
the  blood. 

This  view  was  necessarily  rejected  when  Ehrlieh  showed  that  the 
leukocytosis  was  principally  due  to  the  entrance  into  the  blood  of  poly- 
nuclear neutn)phile  cells.  Exact  estimations  were  first  made  by  Einhorii 
under  Ehrlich's  direction,  and  these  were  later  confirmed.  Correspond- 
ing to  the  exclusive  increase  of  the  neutrophile  corpuscles,  the  percent- 
age of  lymphocytes  is  always  diminished,  frequently  to  even  2  per  cent, 
or  lower ;  but  it  must  be  remembered  that  the  percentage  of  lympho- 
cytes may  l>e  diminished  without  any  alteration  in  their  absolute  number. 
Still  it  has  l)een  proved  that  in  cases  of  polynuclear  leukocytosis  there 
is  sometimes  a  diminution  of  the  absolute  number  of  lymphocytes. 
Einhom  described  such  a  case,  and  recently  Tiirk  put  the  matter  on  a 
firm  basis  by  a  series  of  absolute  estimations.^ 

The  eosinophile  cells  are,  as  a  rule,  absolutely  diminished  in  the  ordi- 
nary polynuclear  neutrophile  leukocytosis,  as  shown  by  Ehrlieh  in  his 
first  communication  on  this  subject.  This  diminution  is  frequently 
markeil,  .s)metimes  to  complete  disappearance  of  these  cells. 

A  very  few  diseases,  however,  as  will  be  discussed  more  in  detail  in 

*  It  is  natarally  possible  for  an  ordinary  leukocytosis  to  be  combine<l  witb  a  lyraph- 
emia.  In  another  section  it  is  mentioned  (sec  p.  83)  that  this  coinci<kMii'e  takes  place  in 
•digestive  lenkocytoses  and  in  the  intestinal  diseases  of  children. 
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!  next  section,  ^:how,  l)4?8ide6  the  pLrlynuclear  neiitmphile  leuki3cy'to§tl^ 


mcrease  m  eci,^ino| 
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Polyrnit'lear  ueutniphile  leuk*^ytfises — the  leukocytosis  xar'eSojpji/ — 
can  l»e  tlivide<l  rHnieally  into  st^veml  groups.      Wo  tlistinguij^h  : 

Physiologic  Leykocytosis. — This  oo€ur»  in  liealth  as  the  expression 
of  a  physiuldgic  cliotigc  on  tlie  part  of  the  organ isou  In  this  ciitc^orjr 
bdang  the  digestive  leukocytoses,  tho  IcnkoeytosLs  aftc^r  bodily  t»flR»rt 
(Schumhurg  and  ZuntzJ,  after  cold  batlij?,  and  dmnng  pregruiney. 

Pathologic  Leukocytoses.— 1.  This  increa.sc  of  poly  nuclear  cells 
occurs  in  the  majority  of  infei'thus  proceanejtj  as  pneumonia,  erj^sipelas, 
diphtheria,  septic  conditions  of  the  most  different  kinds,  parotitis,  acute  M 
artictdar  rhcuniatism,  etc.,  and  1ms  lw(*n  designated  inflammatory  " 
acci»rding  to  the  principle  **  a  pt>ticiri  fit  denomination'  A  particularly 
striking  position  in  this  regard  is  taken  by  uncom  plica  ten]  typhoid  fever  ■ 
and  intnisles,  in  which  the  absfdute  number  of  white  cdrpuseles  is  dirain- 
isIhhI,  and  especially  at  the  expense  of  the  poly  nuclear  neutrophile^. 
For  the  details  regarding  lenkiRytosis  and  its  course  and  subsidence  in 
infectious  diseases,  we  refer  to  Turk's  e^implete  monograph.  We  will 
only  nientioti  here  from  Turk's  observations  that  at  the  termination  of 
the  Icukm-ytrisis,  which  t>ci'urs  at  the  time  of  the  crisis  in  diseases  ending 
critically,  mononuclear  neutrophile  cells  and  irritation  forms  frt^tjueutly 
npjK'iir  in  the  bln<Ml,  In  still  later  stages,  when  the  Idood  is  approach- 
ing its  normal  constitution^  we  frequently  find  a  gradual  increasing  and 
again  decreasing  number  of  eosinophiles(ZnpjKrrt  and  others).  Stienon 
likewise  devoted  sjieciid  attention  to  the  leukocytoses  of  infeetious  dis- 
eafies^  and  very  prettily  illustrates  them  by  me*ins  of  curves. 

2.  To.nc,  iatkoeiffmiJi  is  very  fix'quently  found  in  poisoning  with  the 
eo-called  blood  poisons.  This  important  group  has  not  been  suffi- 
ciently studied.  Still  we  may  say  in  general  that  the  majority  of  blood 
poisons  like  potassium  chlorate,  the  derivatives  of  phenylhydrazin, 
pvrrKlin,  and  phenacetin,  seem  to  [>rodnce,  in  addition  to  the  dcstrnctinn 
of  red  l>lood-coii>nseles,  a  considerable  increase  of  leuk*)cyti's  in  man 
Its  well  as  ex jK'rin)en tally  (Biwler).  We  have  seen  marked  increase  of 
the  wlilte  blood -corpuscles  in  tin*  fiillowing  conditions  :  iMjisoning  by 
arseniurt4tt*<l  hydrogen  and  by  [xitassium  chlorate,  in  one  case  of  fatal 
hemoglobin nria  (snlphonal  |K>iBoning?)  *  and  after  a  priitracted  chlorfn  M 
form  narcosis* 

*i.  The  leukfieytosis  which  atvumpanics  acute  and  chronic  anemic 
conditions,  esp^-cially  the  jMjst-hcniorrhagic.  (Further  fletails  in  the 
Special  Part  of  this  volume.) 

*  The  sp<.-einienH  t»f  tlris  vui^^  v\e  owe  to  the  kindnesn  of  Prof,  t^tcni  (Broi<laii). 
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4.  Owhrciic  leiLkoe^osuf  of  malignaDt  tumors,  phthiyi."^,  etc.* 
To  go  more  into  detiiil  iti  reganl  to  tlie  liVLrUvuhir  cfinicttl  sign ifioajice 
uf  the  bl«3o<l-pietim3  in  ditfereiit  diseases  would  lead  U.Ht  far,  nod  the 
writer  refers  therefore  to  the  splendid  monogmpli  of  llitnier  and  the 
tr«*atii4e8  of  Zappert  aod  Turk,  Only  the  most  importiint  pointi*  will 
be  raentidiieil  in  thi^  place, 

(a)  The  diffcraitlal  diugnodic  significance  of  a  leukopenia  in  typhoid 
fever  in  contnist  to  the  other  infectious  discaii^ei^,  and  of  meaj^les  in 
contract  to  sciirlet  fever. 

(b)  The  prognmtic  signifiemiee  of  the  number  of  white  blood- 
corptt^leti^  for  instance,  the  absence  of  leukocytosis,  influences  the  prog- 
ncfeis  of  pneumonia  nnfavomldy  (Kikodse,  luid  othen?),  and  according 
to  C\  8,  Engel,  the  appearance  of  nnmerous  myelocytes  during  diphtheria 
is  ominous  (see  p.  69). 

Taking  up  in  brief  the  manner  of  origin  of  polynucleur  neutrophile 
leuk<x*ytiisi!*,  we  enn  apj>eal  to  what  has  l>een  ^fiiid  in  another  section  on 
the  function  of  the  bnne-raarrow. 

On  the  ground  of  KnrloiFs  investigations,  Ehrlich  expi*essed  the 
following  views  i^Ueber  nvhw^re  annmm*he  Ziisfande^  1892)  :  **  The  bone- 
marrow  is  a  breeding-place  in  which  immense  numbers  of  poly  nuclear 
cells  are  formed  from  raononnelear.  Those  polynuclear  cells  show,  above 
all  other  elements,  the  power  of  emigration.  This  jn^wer  becomes 
immediately  evident  when  substances  clieniotactic  to  the  wliitc  elements 
circulate  in  the  bhxHi.  This  explains  why  so  many  substances,  especi- 
ally the  bacterial  proteids  designate<l  l>y  Buchner  as  leukocyte  irritants, 
can  pn>dnce  a  rapid  appenrancc  <if  ininiense  numbers  of  leukocytes. 
With  Kurloff,  therefore,  I  reg;ird  leukiMjytosis  as  a  function  of  the 
hone-marrow/* 

The  contradictory  behavior  of  the  eosinophiles  and  neutn>phile8  is 
of  considerable  theoretic  intei'est.  At  the  height  of  ordinary  leuko- 
cytosis the  number  of  ajsinophiles  often  diminishes  even  to  tlieir  absolute 
disappearance,  while  with  its  decline  they  appear  again  in  normal  num- 
bers. This  would  indicate  that  eosinophiles  and  neutrnphilcs  react  to  a 
certain  extent  in  op]K:>s»to  ways  to  irritative  substances.  It  appears  that 
the  onlinary  metabolic  products  of  bacteria  occurring  in  human  diseases 


*  We  canned  howeveri  reckon  the  srHmlled  iiffiuml  !eiikocytofii«  in  thiH  caiieiiory, uince 
we  do  not  cansider  it  rt  genuine  leiikt>eylu«iH,  but  nnly  the  iiiiiicaeion  ut  a  tltpivsw^d  cir- 
culation tTinaed  by  rhe  sjyojml  pondition.  During  this  eonditjon,  eH^K'tnally  in  the 
pcH|ih<*nil  parti*  of  the  bmly  which  an:^eni|duy<*d  n?  u  rule  fnr  the  bh»od  examiniition,  the 
•  hite  hhxHU'orjMiscles  adhere  to  the  veasel-wulb  in  such  a  wuy  lus  tu  pnxlyce  the  picture 
uf  IcukcK'ytueiB, 
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which  act  in  a  positiv^ely  chemotactic  manner  on  the  poljnuclear  neutro- 
philes,  are  negtitively  chemotactic  for  the  e<:»sinophik^,  and  viee  verm,} 

The  explanation  of  the  different  elinica!  forms  of  Ieukoc)*tosis  can 
readily  be  drawn  from  these  consideratiou.s.  The  physiologic  and  in- 
flammatory leukorytoscs  are  to  lie  referred  exclusively  to  the  principle 
of  chemotaxis.  In  the  other  forms  other  laetc»rs  play  a  more  or  less 
conspicuous  r6le;  for  instance,  an  incnusc^d  activity  of  the  bone-marrow 
or  a  widespread  transformation  of  fatty  into  red  marrow,  causing 
marked  increase  in  eel  Information* 

Polyniiclear  Eosmophile  l/cukocytosis  (including  the 
Mast-cells). — The  knowledge  of  c^sinophile  leukocytosis  is  compara- 
tively recent.  After  Ehrlieh  had  dcnionstratfKl  the  constant  increase 
of  eo^inophile  cells  in  leukemia,  a  considerable  period  intervened  before 
eosinophilia  was  fcmnd  in  other  diseases.  The  first  investigations  in 
this  line  were  made  by  Gollasch  at  the  instigation  of  Friedrich  Miiller, 
on  the  blorKl  of  astlimatics,  in  which  he  was  al>le  to  denionstnite  a 
considenible  increase  in  the  e<isinophile  cells.  Following  these  we  have 
the  investigations  of  H.  F.  Miiller  and  Rieder,  who  discovered  the 
frequency  of  eosinophil ia  in  children  as  well  as  its  occurrence  in  chronic 
tumors  of  the  spleen.  Still  later  came  the  well-known  work  of  Etlm* 
Neus^er,  who  slunved  a  striking  increase  of  the  oxyphilic  elements  in 
peniphignsj  and  almost  simultaneously  tlic  analogous  observations  of 
Canon  in  chronic  skin  diseases.  Ann^ig  tlie  nuniemus  otiier  works  on 
this  subject,  we  wili  refer  only  to  the  cornprcliensive  treatise  of  Ztip pert, 
This  monognqih,  which  contains  a  collection  of  the  material  to  date,  as 
well  as  numerous  ol>serv*ations  indispensable  to  everj^  inves^tigator  who 
occupies  himself  with  this  sul>ject,  indicates  the  immense  geiienil  and 
Sfiei'ial  siguific^ince  of  the  ec^sinophile  cells  from  a  clinit^il  jM>int  of  view. 

By  emmopkilh  is  understcHul  an  exclusive  increase  of  the  poly- 
nuclear  eosinophiles  in  the  bhi^ni.  A  eonfusiiin  of  this  form  of  leuko* 
cvtosis  with  leukemia  is  c|nite  impossible,  since  a  whole  series  of  other 
characteristics  are  necessjiry  to  the  diagnosis  of  the  latter,  as  will  lie 
shown  in  the  following  section.  Mr>Feover,  it  is  not  allowable,  as  has  l>ecn 
sometimes  d^me^  to  reganl  the  pr  esc  nee  of  mononuclear  eosinophile  cells 
as  an  absolute  pnM>f  of  lenkemia,  since  they  are  ibund  in  isolated  cjises 
of  ordinary  leukocytosis. 

*  li  h  also  r»f  interest  h«  nuiv  the  behavior  of  w**inophile«  in  the  TtiBBslve  form  of 
leiikm'vliwits  nflinelr,  lympheniin,  Tluit  lynniheniiii  uml  efisinotiliiliii  oniifht  reudily  lo 
i'onibiiie  h  evident  *t  priori  Atn'ovdhig  UiC,  8,  Enjtffl,  asirmillaueoiis  iocrenseof  lyiiipho 
€jteti  .mild  e<ii*iiiophile  veiU  Ls  fi>iind  in  eon^iiiiiil  nypliili^  t»f  childrt^n.  !i  i»  very  liketj 
tJmt  thv  lyin|dnx*yt<>f*iM  in  thc'we  c;iwes  in  to  be  rpferivd  to  the  alit*rationi*  in  the  lympb- 
gUntli<,  and  the  eottinupbilia  to  »peciiic  cbetuotajiki 
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The  increase  of  eosinopbile  cells  is  not  only  relative^  but  also  abso- 
lote.  The  percentage^  which  normally  amounts  to  2  to  4  per  cent,  of  all 
leukocytes^  increases  in  eosinophilia  to  16,  20^  30  per  cent.,  and  more; 
in  fiicty  in  one  case  Grawitz  found  as  many  as  90  per  cent. 

[The  investigations  of  Zappert  in  particular  have  furnished  useful 
data  r^arding  the  absolute  number  of  the  eosinophiles.  These  investi- 
gations were  made  by  a  method  especially  devised  by  Zappert  for  the 
purpose. — Ed.]  He  found  as  the  lowest  normal  number  50  to  100 
per  cmm.y  as  an  average  100  to  200,  as  a  high  normal  200  to  250.  The 
largest  absolute  number  which  he  found  was  29,000  per  cmm.  in  a  case 
of  leukemia,  the  highest  number  in  a  simple  eosinophilic  leukocytosis 
was  4800  in  a  case  of  pemphigus.  Reinbach  found  once  about  60,000 
eosinopbile  cells  per  cmm.  in  a  case  of  lymphosarcoma  colli  with  meta- 
stases to  the  bone-marrow. 

A  poly  nuclear  eosinopbile  leukocytosis,  apart  from  that  observed 
in  healthy  children,  is  found  in  many  conditions,  and  for  the  sake  of 
clearness  the  condition  may  be  divided  into  several  groups  : 

1.  The  EomnophUia  of  Bronchial  Asthnia. — A  considerable  increase 
of  the  eosinopbile  cells  in  the  blood  up  to  10.  and  20  percent,  and 
over  was  r^ularly  found  in  this  disease,  first  by  GoUasch,  later  by 
many  other  investigators  (for  the  clinical  course  of  eosinophilia  in 
asthma,  see  below). 

2.  The  Eosinophilia  of  Pemphigw'^, — Neiisser  was  the  first  to  report 
in  several  cases  of  pemphigus  an  extremely  marke<l,  ahnost  a  charac- 
teristic, eosinophilia.  This  interesting  observation  has  been  confirmed 
by  different  persons,  especially  by  Zappert,  who  once  found  4800 
oxyphil es  per  cmm. 

3.  The  Eosinophilia  of  Acute  and  Chronic  Skin  Diseases, — Canon 
was  the  first  to  observe  an  increase  of  the  eosinopbile  cells,  even  to  17 
per  cent.,  in  a  large  number  of  skin  diseases,  esjKKiially  prurigo  and 
psoriasis.  Canon's  statement,  that  the  increase  of  eosinopbile  elements 
seems  to  depend  less  on  the  variety  of  the  disease  or  its  local  intensity 
than  on  the  extent  of  the  process,  is  worthy  of  notice.  In  one  case 
of  acute  widespread  urticaria,  A.  Lazarus  found  the  eosinophiles 
increased  to  60  per  cent.  ;  after  the  course  of  several  days  the  number 
returned  to  the  normal. 

4.  The  Eosirwphilia  of  Hchninfhinsis, — The  first  observations  of  this 
condition  were  those  of  Miiller  and  Riedor,  who  found  a  j>retty  high 
grade  of  eosinophilia  (8.2  and  9.7  per  cent.)  in  two  men  suffering  from 
Ankvlostomum  duodenale.  Shortly  after  them  Zap|)ort  re|)orted  an 
increase  up  to  17  per  cent,  in  two  cases  of  the  same  disease,  and  at  the 
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same  time  recorded  the  presence  of  Charcot's  crystals  in  the  fecses.  Id 
a  third  case  of  ankylostcmiiasis  Zappert  found  neither  an  increase  of 
eosinophiles  in  the  blood  nor  crj'stals  in  the  feces.  At  abont  the  same 
time  Seige  confirmed  these  observations, 

A  thorough  investigation  of  this  important  subject  was  suggei»ted 
by  Leich  tens  tern,  under  whose  direction  Bucklers  determiiietl  the  inter- 
esting fact  that  eosinophil ia  was  not  oonfineti  to  ankylostomiasis,  but 
that  all  the  varieties  of  worm  diseases  in  the  Cologne  Hospital,  from 
the  companitively  harmless  oxyiiris  to  the  pernicious  ankylostomum, 
showed  an  increase  of  eosinophiles  in  the  blood,  often  reaching  a  high 
degree.'  Buckler  reports  e^ses  of  oxyu rides  with  16  per  cent,  of 
eosinophiles,  of  ascurldes  with  19  per  cent.,  and  the  writer  learned  from 
a  private  coramimicjition  of  Prof  Leich  ten  stern,  that  he  found  in  one 
ease  of  ankylostomiasis  72  per  cent.,  and  in  one  case  of  Tsenia  medio- 
canellata  34  per  cent. 

It  is  especially  noteworthy  that  Leich  ten  stern  found  numerous 
eosinophile  cells  in  the  blood,  particularly  in  those  cases  which  showed 
large  numbers  of  Charcot's  crystals  in  the  feces.  Since  eosinophiles 
and  Cliarcot*s  crystals  are  frequently  associated  elsewJiere — e.  g,^  m 
bronchial  astlima,  in  nasal  polyps,  in  myelemic  bloml  and  bone-marrow 
— Leich tenstern's  conjecture  is  justified^  that  eosiuophilc  cells  are  to 
be  found  in  tljc  intestinal  mucus  in  ankylo.^tomiasis.  Positive  observa- 
tions  in  relation  to  tliis  have  not  been  reported. 

The  further  interesting  discovery  has  been  communicated  by  T.  R. 
Brown,  working  under  the  direction  of  Thayer,  that  in  trichinosis 
a  large  relative  increase  of  oxyphiles  in  the  blncwl  up  to  68  |>er  cent, 
constantly  takes  jihice.  The  al>soluto  numbers  were  likewise  markedly 
increased,  and  reached  figures — e.  y.,  20,400^ — which  are  not  frequent, 
even  in  lenkemia. 

Brown  considers  this  striking  symptom  as  pathngudraonic  of  trichi- 
nosis, and  he  was  able  later  to  make  a  correct  diagno.^is  of  trichinosis 
in  a  clinically  obscure  case  from  the  marked  eosinophilia. 

[Da  Cfvsta  ^  collected  IS  cases  of  trichinosis,  reporteil  from  1897  to 
1901,  in  all  of  which  notable  degrees  of  eosin<iphilia  were  observed. 
In  a  case  of  his  own,  liuwever,  re|»cattHl  examinations  failed  to  disclose 
any  increase  in  the  piTcTntage  iif  tlie  cells  in  tlie  hlootl.  the  difTcrcntial 
count  being  small  lymphorytcs,  ;^(>.7  {>er  cent.  ;  large  lymphocytes  and 
transitional  crlls,  G.o  ptT  cent.  ;  |Milymorphouuclear  neutrophiles,  56.1 
per  cent.  ;  eosinophiles,  0.5  \\vv  cent.  ;  myelocytes,  0/2  per  cent.     The 

'  In  liis  numoxniph  on  botlvrjaee|khrilu.H  iinenim,  &cbaumann  aKst*rtH  thiit  he  fotiiiti 
eoAinoF^hilLa  in  but  a  few  eases  of  tltis  diiie&se.  *  Clinimi  Ifcmaiofogy,  l!»Ol. 
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lesions  in  this  case  were  marked,  involving  the  greater  part  of  the  right 
lower  extremity  fix)m  the  calf  to  the  thigh,  and  excised  parts  of  the 
muscle  contained  abundant  trichinse  and  were  rich  in  eosinophiies.  He 
suggests  that  the  absence  of  eosinophilia  in  such  cases  may  be  due  to  an 
overwhelming  dosage  of  toxin  and  a  stifling  of  the  function  of  the 
bone-marrow. 

In  an  imperfectly  reported  case  Howard  *  also  records  the  absence 
of  eosinophilia. 

Blumer  and  Neumann,*  in  reporting  an  epidemic  in  which  they 
studied  9  cases,  suggest  that  the  degree  of  eosinophilia  is  an  index  to 
the  severity  of  the  parasitic  invasion. — Ed.] 

[W.  W.  Kerr  *  found  marked  eosinophilia  in  2  cases  of  trichinosis. 
The  writer  could  find  no  evidence  in  the  muscles  of  a  transition  of  poly- 
niorphonuclear  cells  to  eosinophiies.  The  excess  of  eosinophiies  in  the 
areas  surrounding  the  parasite  he  believes  to  be  due  to  a  chemotactic 
and  phagocytic  process. 

Among  others  who  have  reported  cases  of  eosinophilia  associated 
with  trichinosis  are :  Gwyn,  Stump,  Brooks,  Kinuicutt,  Gordinier,  and 
Cabot.  Recently  Schleif  *  has  reported  an  extensive  epidemic,  including 
30  severe  and  many  mild  cases.  Of  64  cases  examined,  eosinophilia 
was  found  in  62.  The  2  not  showing  eosinophilia  were  doubtful 
cases.  During  convalescence  there  are  a  decided  lymphocytosis  and  8 
flooding  of  the  blood  with  blood-plates,  which  he  believes  originate  in 
the  eosinophile  granules.  F.  R.  Gould,'^  in  discussing  6  cases  with- 
out eosinophilia,  notes  that  a  considerable  time  had  elapsed  in  4  of  these 
cases  from  the  beginning  of  the  disease  to  the  time  of  the  blood  exami- 
nation. In  the  other  2  of  the  6  cases  the  trichina?  were  well  encapsu- 
lated in  one  and  calcified  in  the  other.  He  concludes  that  an  early 
examination  would  probably  have  shown  eosinophilia  in  all. — Ed.] 

5.  Post-febrile  Form  of  EosinophUia  {following  various  ivfectioxis 
diseases). — ^In  the  section  on  polynuclear  neutrophile  leukocytosis  it 
was  stated  that  at  the  height  of  the  majority  of  acute  infectious  dis- 
eases, with  the  single  exception  of  scarlet  fever,  there  is  a  relative 
diminution  of  eosinophile?,  or  even  a  complete  disappearance  of  these 
cells.  In  the  post-febrile  period  there  are  frequently  found  an  increase  of 
eosinophiies  and  sometimes  an  outspoken  eosinophilia,  though  as  a  rule 
the  increase   is  moderate.     Turk  found  in   pneumonia  a   post-critical 

>  Pkila.  Med.  Jour.,  1899.  »  Amer.  Jour.  Med.  Sci.,  1900. 

»  PhUa.  Meti.  Jonr.,  August  25,  1900. 

*  Deutsch.  Arch.f.  Iciin.  Med.,  Bd.  Ixxx.,  H.  1  u.  2. 

*  Amer.  Med ,  St*ptembcr  26,  VMi. 
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eosiDophilia  of  5.67  per  cent,  (absolute  mimber  430)  following  acute 
articular  rheumatism^  9.37  per  cent  (absolote  number  970) ;  Zappert 
in  malaria  one  day  after  the  last  paroxysm,  20,34  per  cent.  (1486  per 
c.mra,). 

With  Zappert  we  groop  the  eosinophilia  observed  after  tuberculin 
injeetioDs  in  thiri  category  of  post-febrile  leukocytoses,  for  this  appears 
only  after  marked  elevations  of  temperature.  In  fact,  during  the  stage 
of  febrile  reaction  the  number  of  eosinopbile  cells  sinks,  but  rises 
again  after  the  decline  of  the  fever.  This  increase  may  be  consider- 
able. In  one  case  of  Z^ippert's  the  numlier  of  oxyphiles  increased  to 
26.9  per  cent,  j  in  another  ease  he  found  3220  per  c.mm.  In  one  case 
of  Grawitz's  the  eosinophilia  was  extraordinary.  In  this  the  most 
markeil  alteration  of  tlie  bltH^d  \va8  found  about  three  weeks  after  the 
discontinuance  of  the  tuberculin  injections,  which  altogether  numbered 
eight  (from  5  mg.  t*>  38  mg.).  The  examination  sliowed  4,000,000 
red  corpuscles,  and  45,000  white  corpuscles  per  c.mni.  Among  the 
latter  there  were  10  eosinophiles  to  1  other  white  cell.  The  absolute 
number  of  eosinophiles  amounted  to  41,000  per  cram.,  the  other  cells 
making  up  the  remaining  4000.  Since  thase  consisted  of  polynuciear 
cells,  lymphocytes,  and  others,  it  is  evident  that  the  polynuciear  neutro- 
philes  were  greatly  diminished,  not  only  relatively^  but  also  absolutely, 
making  the  case  exactly  the  opjiosite  to  the  ordinary  leukocytoseSi 
especially  those  of  the  infectious  variety. 

6,  The  E(mnopltUia  of  3faUfpmti(  TitmovH, — An  increase  of  eosino- 
phile  cells  has  been  observed  by  different  investigators  in  tumor  cachexias. 
This  does  not,  however,  exctnid  a  moderate  grade,  alxjut  7  to  10  per 
cent.  In  40  such  cases  Reinbaeh  found  the  eosinophiles  increased  only 
four  times  J  namely,  in  one  ca^e  of  sarcoma  antebnichii  (7.  8  per  cent), 
sarcoma  cruris  (8.4  per  cent.),  tumor  malignans  abdominis  (11.6  per 
cent,),  and  lymphosarcoma  colli  with  metastases  to  the  bone-marrow  in 
which  an  unparalleled  increase  of  the  white  blorsd -corpuscles,  and 
especially  of  the  eosinofjhile.*?,  took  place.  The  absolute  number  of  the 
latter  on  one  day  amounted  to  60,000,  an  increase  of  300  times  the 
normal  and  a  number  never  equalled  in  any  condition  other  than 
leukemia. 

7,  Chmpensaforif  KomnophiUa  (affrr  Exfirpation  of  the  Spieeny — This 
form  was  thorc^ughly  discussed  in  the  chapter  on  the  function  of  the 
spleen,  where  it  was  also  stated  that  the  increase  of  eosinophiles  found 
in  chronic  splenic  tumors  by  Rieder,  Weiss,  and  others,  must  be  referred 
to  disappearance  of  the  splenic  function. 

8,  3IttUchud   EomuiphtiuL — Of  this  condition    there   is  only  one 
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single  obeervation^  that  of  v.  Noorden.  He  found  an  eosinopbilia  up 
to  9  per  cent,  in  two  chlorotic  girls  after  the  internal  administration  of 
camphor.  Other  patients  manifested  no  such  symptom^  but  it  is  not 
onlikelj  that  special  investigations  into  the  question  of  medicinal 
eosinophilia  will  reveal  many  interesting  facts. 

Different  theories  have  been  offered  by  various  writers  in  relation  to 
the  orfi^iii  of  polynudear  eosinophile  leukocytosis.  These  it  is 
intended  to  discuss  critically. 

A  frequently  quoted  explanation  is  that  of  MuUer  and  Rieder.  In 
opposition  to  Ehrlich^  these  writers  do  not  regard  the  eosinophile  cells 
as  of  bone-marrow  origin,  but  assume  that  they  are  transformed  within 
the  circalation  from  the  finely  granulated  cells.  This  process  of  devel- 
opment appears  improbable  for  many  reasons.  Since  the  polynudear 
Deatrophile  cells  circulating  in  the  blood  are  all  under  the  same  condi- 
tions of  nutrition,  it  is  impossible  to  understand  why  only  a  com- 
paratively small  number  of  them  should  undergo  this  transformation, 
and  why  in  inflammatory  leukocytosis,  in  which  the  number  of  poly- 
Duclear  cells  is  so  greatly  increased,  their  maturation  into  eosinophiles 
should  be  entirely  interrupted. 

Moreover,  the  fact  that  a  transition  of  neutrophile  cells  into 
oxypbiles  is  never  observed  in  the  blood,  speaks  decidedly  against  the 
Rieder-Muller  hypothesis.  If  this  hypothesis  were  correct,  transition- 
forms  should  be  found  in  every  normal  blood.  Rieder  and  Miiller 
have  evidently  seen  no  such  forms,  otherwise  they  would  not  be  obliged 
to  depend  on  Max  Schultze's  observation.  As  high  as  Max  Schnitzels 
authority  is  in  morphologic  matters,  it  can  not  remain  unquestioned  in 
the  case  of  histochemic  questions  which  require  other  experience  than 
that  of  a  morphologist  for  their  solution. 

In  the  further  exposition  of  their  theory,  and  in  direct  opposition  to 
Ehrlich,  Muller  and  Rieder  assume  that  the  eosinophile  cells  of  the 
bone-marrow  "  do  not  represent  newly  formed  elements,  but  rather  a 
storing  up  of  old  ones.  The  bone-marrow,  therefore,  as  far  as  the 
coarsely  granular  cells  are  concerned,  must  be  regarded  as  a  storehouse 
in  which  they  are  made  to  serve  purposes  yet  unknown." 

These  writers  base  their  theory  principally  on  the  fact  that  the 
majority  of  eosinophiles  in  the  bone-marrow  are  mononuclear,  while 
those  of  normal  blood  possess  a  j)olymorphous  imcleus.  Muller  and 
Rieder  themselves  should  have  seen  the  evident  objection,  namely,  that 
the  nuclear  conditions  of  the  neutrophile  cells  are  exactly  the  same  as 
those  of  the  eosinophiles.  They  would  then  have  been  forced  to 
assume  that  the  most  important  blood-making  organ  is  not  the  cradle, 
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but  the  grave  of  tlie  blood-eells.  The  simplest  explanation,  and  one 
based  on  histologic  <ibser%'ation,  is  that  the  niononut^lear  eosinophilc!^ 
in  the  hone-marrow  |>rogressively  develop  to  poly  nuclear,  and  that  only 
the  latter  have  the  faculty  of  eniigmtion  by  which  they  enter  the  blood. 
As  this  view  iuis  lieen  repudiated  by  the  wry  great  maji>rity  of 
writers  siuee  EluHichs  paper,  **  Uehcr  sehwere  anaemische  Zustiinde," 
the  author  will  content  himself  with  these  objections,  even  thougli  the 
theoiy  has  lately  obtained  new  advociites-^^'. //,,  I^enhartz,  It  may  be 
added  that  H,  F.  Muller  himseH',  in  a  pajier  on  bn*nchial  asthma 
(1893),  takes  a  stand iHvint  different  frtmi  his  earlier  one  and  appr<»aehing 
somewhat  that  of  Ehrliclj. 

The  origin  of  tlie  polyunelear  eosiuophilia  is  made  most  evident  by 
an  exjTcriment  of  E.  Neusser's.  lie  found  in  a  case  of  pemphigus,  the 
bhiod  of  which  showed  a  etmsidcrablc  increase  of  eosinophiles,  that  the 
contents  of  the  pemphigus  vesicle  consisted  almost  exclusively  of 
eosinophiles.  Neusscr  then  producetl  l>y  a  vesicant  a  non-s|>eeific  in- 
flammiit<*ry  vesicle  on  the  skin,  and  found  that  the  ceilnlar  elements  in 
it  consisted  entirely  of  poly  nuclear  ncntn^plule  pus-cells  similar  to  those 
seen  in  oitlinarj'  inflammations. 

Analogous  conditions  occurring  spnitaneously  were  demonstrated  by 
Leredde  and  Perrin  in  Duhring's  disinise.  Tin-  vesicles  asscjciated  with 
this  disciise,  as  long  as  their  contents  were  clear »  contained  only  [x>ly- 
nuclear  cosint*phile  cells  ;  but  in  a  later  stagey  when  Imcteria  had  fort*e<l 
their  way  inti>  the  vt'sicles,  neutrophilc  c(*lls  exclusively  were  present. 

Xeusser's  experiment  and  Ij^^redde-Pcrriu's  observation  (*an  only  be 
explained  according  to  modem  theories  of  suppuration  by  assuming,  as 
has  previously  hwu  insisted,  that  the  €H)sino[)hiles  and  ncntrophik?s 
ix'iict  to  rlifTermt  cheinotactic  irritations.  The  eosinoplules,  therefore, 
Avander  oidy  Ui  plaers  whifli  p<>ssi-<  a  substance  specifiadly  cheototactic 
for  them.  In  this  way  all  the  known  cxperinients  and  clinical  observa- 
tions on  e<isino[>hilia  can  lie  e.Xjilaineil.  Neusser*s  experiment,  for 
instance,  maybe  interpreted  as  follows:  In  the  pemphigus  vesicle  a 
pnbstancc  is  pri'si-iil  which  acts  ehenjotactically  on  the  c<tsiaophil€s ; 
tlicsc  cells  jircs^'Ut  nornndly  in  the  blond  wamler  out  and  prcxluce  an 
eosinophilc  snppnnifjon.  If  tlie  dis<*asc  remains  of  slight  extent,  this 
concludes  the  pnx^ess  ;  but  if  it  liecomes  w  idely  <listribntcMl,  a  very 
ilifferent  jiictnre  develo])s.  Under  these  circnm stances  by  ren^rption 
antl  diflTnsioii  large  amounts  of  th«'  sp4*cifi(*  agent  enter  the  bhKxl  and 
exeri'ise  a  ehcmotai^tii*  rtlVet  on  the  physiologie  storehouse  of  **nsino* 
philes,  namely,  the  hour-inui- 'ow,  with  thr  rc*sn!t  that  a  more  iir  less 
markwl  incrt^ase  of  cfi-^itiopliiles  is  jmHliuvtl   in   the  blood.      Following 
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this  according  to  g*?neral  biologic  priiiciple?^,  the  bone-wianrovv  is  excited 
by  the  increased  demand  to  itiercasetl  now  formation,  and  thereby  con- 
tioues  cajjiible  of  pre!?erving  the  eosino[)bilcsj  eveti  on  long  (biralioii  of 
the  disease. 

A  cx^ri'e.sprindinj^i^  expliniation  is  applicable  to  other  clinical  facts. 
Id  the  case  of  UoUasch^H  discovery,  that  tlic  sputum  of  asthmatics 
et^ntsins,  in  addition  to  Charcot-Leydcn  crystals,  almost  exchisively 
efj.'^inojdiilc  cells,  it  niu^t  be  assnmetl  that  a  substance  chcmotactic  for 
the  eo>in<«[>hilc  cells  exists  within  the  bronchial  tree.  Moreover,  the 
elose  n)nrjrrtion,  acconling  to  many  rejjorts,  between  the  severity  of 
the  dis^ise  and  the  eosiuophiles,  would  snppra't  this.  v.  Noorden,  for 
m^tiuice,  r€>p>rts  that  the  eosinophilc  cells  are  nK>re  nnnien^us  at  a  time 
almost  synchronous  with  the  asthmatic  attack,  than  at  other  times. 
Thvy  were  ('Specially  numerous  wlien  paroxysms  took  j>lacc  several 
days  in  succession*  That  the  increase  of  the  CHjsinophile  cells  is 
dependent  on  the  attack,  and  is  not  tlie  expression  of  a  jiersistent  eon- 
Mitutitinal  anomaly,  is  evident  from  a  case  of  v.  N(M>nlen's  which 
idiowed  during  the  piroxysm  25  [kt  rt-nt.  of  eosinophilesj  and  several 
(lays  later  only  a  single  eivsinophile  cell  in  twelve  cover-glass  specimens  ; 
b  other  woiils,  a  diminution  in  number. 

The  observations  made  by  Can(»n  on  skin  disease  are  very  similar 
in  that  the  general  intensity  of  the  disease  api>eared  to  stimulate  the 
^)5tnc>philia  h^s  than  its  k>cal  sjvrcad  :  in  other  words,  the  factor  tlirectly 
iaHtiencing  the  imiount  of  the  specitic  agent  that  enters  the  blood. 

In  udditon  to  the  Mnller-Iiiedrr  and  the  chem<jtaetic  thi^ory  of  eosint)- 
pbile  leukocytosis,  a  third  apf>earc<l  which  may  be  hrtcfly  designate*!  as  i 
tile  hyfK»thesisof  hx-al  urigin  of  the  rosinojvhiles.  Esp<'r'ially  in  ri'latirm 
to  asthma,  A.  Schmidt  proposetl  the  ([itrstion,  "  whctlter  with  the  enor- 
mous number  of  eosinophilc  cells  in  this  disease  a  lo«il  formation  alotjg 
the  respiratory  tract  is  not  more  probable  than  their  origin  fnan  the 
hlood.  As  a  matter  of  fact,  tlie  incrensc  of  e(isiuo[*hile  cells  in  tlie 
blofMi  of  asthmatics  may  readily  lie  regnrdeil  as  a  secondary  phcnome- 
noo/*  This  view,  advocated  also  liy  uihrr  writers,  is  sup|K)rted  by  the 
following  facts  and  c(Mi>idt'mti(m>  : 

\,  In  various  dis<*!is4*s  of  the  no^p,  (*s]>ecially  mucous  polyps  and 
hypeqilasias  of  the  anu'ous  mcnihran*'  (I^yden,  Benno,  liewy,  atjd 
others)  entjrmons  nnniU  rs  of  ef>sino|^hih^  cells  an*  found  in  the  tissues 
while  they  are  apparently  not  increased  in  the  bbKnl.  This  argument 
Is  reaidily  met  by  the  chcmotactic  theory.  For  if  substances  are  present 
in  thi»-^i'  hK'alities  which  act  chem<itactically  on  the  eosinophihs,  a  con-  j 
*idend)le  accnmuhitlon   may  nntunilly  take  jilar/e  in  the  t-oursc  »if  time 
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without  the  blood  showing  any  deviation  from  tlie  normaL  Were  this 
not  true,  the  coneiusion  would  follow  from  Neumann's  exjieriment  in 
lymphatic  leukemia,  that  the  polynuclear  cellis  originated  in  the  tissues, 
for  in  that  instance  the  artificially  produced  suppuration  consisted  only 
of  polynuclear  neutrophilei?,  although  the^e  were  present  in  the  blood 
in  but  minimal  numbers,  [AYeiss  maintained  that  eosiuophilei^  have  a 
local  origin  fixjm  absorption  by  the  polynuclear  eelU  of  derivatives  of 
hemoglobin  w^hich  become  deposited  as  e<>sinophile  granules.  His 
opinions  were  baseil  on  a  case  of  hemorrhagic  [Jeurnl  eifusiMU  in  the 
bhxMl  of  which  40  {:>er  cent,  of  ecjsinopbile  celb  were  found,  while  in 
the  exudate  76  per  cent,  of  such  cells  were  found.  Several  other 
autliors  have  reported  observations  of  a  very  similar  character. — Et>.] 

2,  Adolf  Schmidt  proposetl  a  reverse  argument  in  that  he  showed 
that  the  sputum  of  {)atients  with  myelogenic  leukemia  contained  no 
more  cosinophile  cells  than  are  ordinarily  found  iu  the  bronchial  secre- 
tion, altliough  the  blood  was  extremely  rich  in  them.  Still,  from  the 
writer\s  point  of  view  this  observation  furnishes  no  supp>rt  for  the 
hypothesis  of  local  origin,  but  is,  on  the  contrary,  an  argument  that  it 
is  not  tlie  larger  or  snmller  numl)er  of  ectsinophile  cells  in  the  blood 
which  determines  their  out  wandering,  but  only  the  prestnice  of  sjjecitic 
chemotactic  substance.  Fixun  the  author's  observations  on  leukocytosis 
in  infectious  diseases  and  on  the  morphology  of  ordiuaiy  pus,  it  is  seen 
that  the  bacterial  c hem o tactic  sul>stances  act  rather  negatively  than 
positively  on  the  eosiuophilc  eells^  and  it  ctiri'esponds  only  to  general 
experience  when  ordinary  sputum  contiiins  no  more  ef^sinophile  cells  in 
spite  of  a  high  degree  of  eosiuophilia  in  the  lilood.  This  is  in  com- 
plete acconl  with  Neusscr^n  pt'uiphigus  exj^eriment,  in  which  the  s|>cH:ific 
disease  calle^l  fiirth  an  eosinojihilia,  while  artilicially  produced  suppuni- 
tion  called  forth  only  neutrophile  ct*Ils.  Further,  an  analogous  ex ^leri- 
nient  of  Schmidt  may  Ih^  (piotctL  He  found  in  the  sputum  of  an 
asthmatic  <'ase  many  eosinopliilc  cells,  but  in  an  artiticial  soppunitinn 
of  the  skin  only  neiitropliile  cells. 

It  is  i^^n  then  that  the  j>rini'ipal  grounds  nn  which  the  advocat4»s 
of  the  thet>ry^  of  lo<;al  origin  Im-ed  llieir  ther>ry  are  unable  to  withstand 
the  ob]t*cti<»ns  raised  from  the  standpoint  of  chemotaxis,  Moretjver, 
histologic  or  experimental  ]>nii>f  of  this  tlu^»ry  has  not  been  brought 
forwanl  in  spite  of  numerous  investigations  in  this  direction.  Still,  it 
may  n<Jt  be  amiss  to  examine  closely  the  jKis>ibilities  of  a  local  origin 
of  ei*sinophiIcs, 

In  the  first  place,  the  c*)sinophile  cells  may  arise  fnmi  a  progresssve 
metamorpliosis  of  the  normal   c(»unective-t issue  cells.     The  possibility 
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phile  leokocvtosii^  was  found  neither  bj  Canon  nor  by  other  observers. 
Yet  in  myelogeDic  knikcnuk  the  ma.st-cel]8  undergo  a  cynsiderable 
increase,  the  number  Bonietime??  reaching  or  even  exceeding  that  of  the 
eosinuphiles.  Conj<ei]uently  one  h  not  likely  to  err  when  regarding  the 
mast-cells  of  the  blood  as  originating  exelu.sively  in  tlic  bonc-marnnv, 
and  nut  in  the  connective  tisi^ue,  even  when  they  are  greatly  increased 
in  the  latter  placed 

Tlie  author  believes  that  lie  ha^  shown  in  tlie  preceding  that  the 
pronfs  Ijnjnglit  forward  in  snp|jort  of  the  load  origin  of  the  eosinophil e 
cell^  do  not  st;ind  tlie  tests.  The  prc^hlern  is  now  to  show  that  die 
aecunmlaticjn  of  eo^inophilc  celk  in  the  orgaas  and  secretions  can  be 
explaint'd  hy  their  emigration  from  the  hlcHKh 

The  dcrncmstration  of  this  prol)tem  presents  many  diflSenlties,  ina.^- 
rauch  as  eosinophile  cells  are  found  normally  in  many  localities,  so  that 
one  is  unable  to  follow  the  steps  nf  a  niorliid  prtKMPss,  but  is  concerned 
with  rninpleted  conditions.  The  prnblein  will  Im*  much  easier  if  eosino- 
phile  cells  are  studied  in  org-ans  normally  free  from  them.  vSo  far  there 
is  only  one  obser\^ation  of  this  sort,  which  wa«  made  a  short  time  ago 
I)V  Micliaelis,  in  Hertwig's  Institute.  Miehaelis  found  that  when  lacta- 
tion wiis  interrnpted  in  nursing  gninca-pigs  numemus  eosiuophile  cells 
collected  iti  tlie  course  r*f  a  few  days  in  the  mammary  glands,  though 
not  in  tlie  lumen  of  the  milk-ilucts.  These  eosinophile  cells  were 
exclusively  polynuclcjir  ;  and  since  they  corresponded  to  those  of  the 
hl(j«jd,  they  must  be  looked  on  as  having  Irani  ignited .  This  phenomenon 
can  be  explained  accoi'ding  to  modern  views,  by  assuming  that  tlie 
mammary  gland  under  certain  circumstances  possesses  a  **  secretio 
interna  ''  containing  a  substance  which  iui-reases  abnrirmally  when  the 
**  secretio  externa*^ — /.  (\,  the  pnwhiction  of  milk — is  disturbed.  Thus 
also  IS  explaine<l  the  fact  that  in  Michaelis's  experiment  no  eosinophile 
eells  were  found  in  the  speeitic  secretion  of  the  gland.- 

C«jrresp*niding   observations    have    also    ikvu    made    in    pathologic 

'  THm  fact  thrO  nn  *me  hn«  ret  rue*  with  a  |jrun<iiim*t<l  h{i>«n»hile  ItMikmytiW  is* 
extihiihiM  hy  l\w  ns,siin:iption  thut  th<*  substniicc*  wliifli  iirtn  i  |ifnM>i:uti<.Mtlly  nn  the  musl- 
ct?llH  rs  very  nirvly  elalxjiiikHl  in  the  IhmIv,  even  much  nioro  nirt'ly  ihioi  the  eorresponfl- 
ing  tM»sim^|>liilu^  siif»st.inro.  Disused  f^niditioris  in  which  the  huI Man ee  s|>eeific  for  tlie 
liiHift-ceU.H  is  prps4*nt,  may  shfiw  n  mast-i'ell  sn|j]riir5Uinu  or  a  uiiisiH'ell  leiikmntosR  The 
Ifresitest  intt*reM  in  Ihii*  connes^tiim  wna  amni*ef!  hy  an  t»l:iservrttion  of  AUxTt  NeiMer^K, 
wlio  (nnrirtling  lo  a  private  conimunicalimi )  encmititerefl  anions  a  very  great  number 
of  tjaj^es,  :in  instance  nf  )a;oTiorrhea  in  which  the  piirnlent  seei-etion  consiHted  exeliiBively 
of  ntiiM-eeJlK 

'^  Analri^iis  *»lw«?rviiliMn*i  on  mn-*t-«x^UH  wetv  reeently  pnhlinheH  hy  rnper  in  ronneo- 
litm  with  the  hmnan  iniinniiary  ghtiKl.  lie  oI>Herve«l  imtler  the  inllnem-e  nf  ii  Rtojfnu- 
tlou  ill*  milk  a  eonj^ide ruble  invii»it>n  of  the  lypicat  muKt-cells  int*i  the  glandnhir  tinAue. 
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organs.  They  were  first  brought  to  light  in  the  fundainenttil  work  of 
Gnldmann,  who  louml  in  muligiifint  lymphoma  a  coHsiileralik*  enllcctioii 
of  eosinophile  (^ells  within  the  tumor,  and  demoustmted  aiiatoniicaJly 
that  they  bad  emi^irrated  from  tlie  vancular  system.  He  exjncluded  that 
thev  were  attnietetl  by  the  action  i>f  certain  cliemotaetie  substances. 
Moreover,  he  and  later  Kaiiter  reasone*!  that  they  were  not  products 
of  an  ordinary  inflammation  in  tliis  iuritaiiei",  since  they  are  wanting  in 
a  large  number  of  other  diseases  of  the  lymph-glands,  piulieularly 
tubercnlosis.  In  a  similar  way  Leredde  and  Perrin,  in  their  investi- 
gatiiins  of  Duh ring's  disease,  shower!  that  the  eusiiHiphile  cells  found  in 
large  numbers  in  the  entaneons  tissue  apart  fr^im  the  vesicles,  have 
their  origin  in  an  out  wandering  from  the  cirenlation. 

From  a  nnmber  of  different  facts,  tliercfore,  it  is  evident  that  the 
e<isinfiphlle  cells  (.ic*iirring  in  the  tissue  are  not  formed  tliere,  but  have 
emigniteil  from  the  circulation.  It  is  easy  to  understand  liow  tliis 
picture  may  not  be  so  definite  in  all  cases,  for,  as  lias  been  jm minted 
out  in  the  case  of  ordinary  nentrophile  pf)lynuelear  cells,  the  eosintK 
phile  poly  nuclear  cells  may  be  transformed  into  mononuclears,  and  may 
be  even  stationary  or  approach  the  chamcter  of  fixt^J  eonnec'tive-tissue 
cells.  Snch  oocnrrences  may  readily  induce  the  false  conclusion  that 
the  reverse  method  of  unclear  transforFuatioji  is  taking  |)kice — /*  ^.,  a 
progressive  development  of  et>si  no  phile  p^iIvTiuclear  cells  from  mono- 
nucletir. 

In  harmony  with  the  opinion  of  (Toldmaun,  Jadassohn,  and  IL  F. 
Muller,  the  author  finds  an  exijlanation  fir  all  these  facts  oidy  in  the 
assumption  that  the  eosinophile  cells  follow  specific*  ehemotactic  irri- 
tants. This  hypothesis  readily  explains  eosiin>i)tiile  IcukiM^ytosis,  the 
occurrence  of  eosin(»j)hiles  in  exudates  and  seiTetions,  and  their  local 
fioeumnlation. 

R^^an ling  the  natnn^  of  these  active  chemc atactic  substances,  so  far 
only  conjx'<*tnrcs  are  permissible.  From  u  I'linieal  stand|>oint  the  only 
thing  that  has  Ijcen  iGsirned,  and  which  has  been  mcntioiuHl  beff>re,  is 
tlmt  the  ordinary  metabolic  prrnhicts  of  Imcteria  repel  tlie  eosinophile 
cell.. 

The  coutnidictorv  Ijehavior  of  tHjsiiiophilcs  ami  ncutrophiles  Is 
beautifully  illiistmted  by  a  ease,  for  the  knowledge  of  wliicli  the  writer 
h  inilebtiKl  to  the  kindness  of  Prof  I^'ichtenstern  : 


"In  a  severely  anemic*  almost  moribund  case  of  ankylostominsiR,  72  ^er 

.0ttiL.  of  eosinophile  cellii*  were  fomvd   in    the   hlocwl   in    18*>7.     The  patient 

^^flien  acfpiired  a  croupous  pnfUiiionia.  during  the  acme  of  which  the  rounher 

4iit  eo!*lnophile«  sank  from  0  to  7  per  cent,,  riBing  again  to  54  |>er  ceuL  arter 
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the  course  of  t lie  pm^umonia.  After  the  removal  of  the  worms  the  numl>er 
fell  at  once  to  11  per  rent.  Id  the  year  1898,  wheu  the  aiikylostornata  were 
very  few  and  Charcot's  crystals  were  no  longer  pre^nt  in  the  feces,  the 
number  of  eosinophileu  amoiinted  to  7  per  cent," 

The  (|Qes6oii  as  to  what  cells  by  their  destTuetirm  elaborate  the 
chemotactic  f^nlKstiinee,  in  extremely  important,  tboogb  it  tun  not  be 
deterniined  with  certainty  from  the  material  at  hand.  It  doas  not 
appear  to  be  the  onlinary  piis-cells  or  the  lymphocytes,  while  many 
observations  support  the  theory  that  it  nun'  be  the  epithelial  and  epi- 
thelioid cells.  Thin  would  explain  the  frequent  occurrence  of  eo.sino- 
philia  in  all  sorts  of  skin  diseaAei^,  as  well  as  the  local  accumnlations 
in  all  atrophic  cx*uditions  of  the  stomach,  inte.stinal  and  bronchial  mncou^ 
membmne,  and  in  the  vicinity  of  earcinomati!,  A  further  support  for 
this  view  i^  found  in  the  fact  that  the  aij^iuophile  celb  in  bronchitis 
and  asthma  are  the  more  numerous  the  less  purulent  the  secretion » 
Noteworthy  too  is  an  obs^ervation  of  Jaclassobn^s,  act^ording  to  w4iich 
lunnerons  eofiinophile  cells  were  tbund  in  a  lupous  jmtch  after  an  injection 
of  tuberculin.  In  this  case  the  substances  cjtpable  of  acting  chemotactie- 
ally  on  the  eosinophiles  must  have  originated  from  the  destructiou  by 
the  tuberculin  of  epithelioid  cells  in  the  lesion  whence  they  entert^d  the 
Wood*  In  other  cases,  as,  for  instance,  nasal  polyps,  the  mucin  or  the 
raucin-like  bodies  must  be  considered  chemotactic.  The  direct  cause, 
therefore,  in  the  uiaj<jrity  of  ciises  of  cosinupbilia  seems  to  lie  in  the 
products  resulting  from  a  destruction  of  tissue. 

On  the  other  hand,  it  is  not  to  \)v  doubted  that  foreign  substances 
circnlating  in  the  hidy  may  be  jMisitively  chemotactic  for  the  e^jsinophile 
cells. ^  As  an  example  of  this  may  be  mentioned  the  marked  ef)sinophilia 
*5een  in  different  forms  of  hclraiuthiasis.  Formerly  the  effect  of 
helraintlies  was  c<insidcre<I  purely  k>cal,  l>ut  now  the  view  is  steadily 
gaining  gnamd  that  they  also  pn>duce  poisons,  Liustow,  for  instance, 
iiTsists  that  the  general  typhoid  symptoms  of  trichinosis,  and  the  fatty 
degenenition  of  the  liver  and  kidneys,  in  tether  words,  of  organs  in 
which  trichinae  (!o  not  ik-cut,  make  the  assumption  of  a  toxin  necessary. 
In  s(>vend  varieties  (if  ankylost<imiasis  evident  signs  i^f  the  ]>rmluc- 
tion  of  a  poison  are  also  found.  In  Huscmaun's  article  cm  **  Animal 
Poisons"  (Enlrnhuvt/H  Reaienctfkhpmfie^  1897)  w^e  are  informed  that 
siuuhirly  in  Ankylostomum  dutxleuale,  wdiich  produces  the  well-known 

'  A  very  interefltinx  rthwrTntioTi  of  (tnldnmnn's  flenerve^  nicntion  here.  ttohlmiinTi 
ohwerved  in  prfparattnn»of  ^lanrreiiH  nf  PratetL'ssanpriinens,  in  which  parasites  wore  fmmd, 
that  ihe  ewiiif>phile  (X'U>4were  rnarktHlly  incTtjased  in  the  oei>^hboilitK>iJ  of  ihe  caj^^uljited 
parasites,  while  they  were  ^ughi  in  vain  further  away. 
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severe  anemia  of  man^  Ankylostomum  trigonocephalum  in  dogs^  and 
Ankjlostomum  perniciosum  in  tigers^  produce  general  effects. 

A  definite  toxin  is  likewise  generally  attributed  to  Bothriocephalus 
latuSy  and  even  the  ordinary  tapeworms  seem  to  be  occasionally  re- 
sponsible -for  lesions  apparently  referable  to  a  toxin  (Peiper). 

Observations  show  that  tapeworms  not  only  take  up  nutritive 
material^  but  also  excrete  substances  which  may  be  absorbed  by  the 
intestine  of  the  host^  and  which  are  capable  of  causing  wide-reaching 
results.  According  to  Leichtcnstern,  one  expression  of  this  action  is 
the  eosinophilia  of  the  blood.  The  substance  that  is  chemotactic  for 
the  eosinophile  cells,  for  many  reasons  seems  to  be  different  from  the 
substance  that  produces  the  anemia ;  for  instance,  the  absence  of  eosino- 
philia in  bothriocephalus  anemia  (Schauman).  Still  the  substance  pro- 
ducing the  eosinophilia  is  undoubtedly  more  generally  distributed  than 
that  producing  the  anemia. 

i;retikemia  ("Mixed  I/eukocjrtosis"). — In  spite  of  the  great 
progress  of  hematology  in  the  last  ten  years,  considerable  of  which  has 
been  in  the  realm  of  leukemia,  the  literature  shows,  even  in  funda- 
mental matters,  much  that  is  obscure  and  unintelligible.  This  is  true 
especially  of  the  differentiation  of  the  different  forms  of  leukemia. 

Though  from  a  purely  clinical  standpoint  a  lymphatic,  lienal, 
lienomeduUary,  and  a  pure  medullary  (myelogenic)  form  of  leukemia 
are  differentiated,  these  are  characterized  by  purely  external  phenomena 
which  hematology  can  not  follow. 

Neumann  first  demonstrated  that  the  lymphoid  growth  in  lymphatic 
leukemia  is  not  limited  to  the  lymph-glands,  but  may  be  found  too  in 
the  spleen  and  bone-marrow.  This  hyperplastic  pr(xx?ss  may  produce  a 
considerable  enlargement  of  the  spleen  without  any  alteration  in  the 
specific  character  of  the  leukemic  process  or  of  the  blood-finding.  In 
spite  of  the  splenic  tumor,  then,  one  has  to  do  with  a  j)ure  lymphatic 
leukemia,  although  such  a  case  would  be  designated  clinically  as  lym- 
phatic lienal  leukemia.  The  indefiniteness  and  incorrectness  of  such 
a  designation  are  most  clearly  shown  in  another  form  of  leukemic 
metastasis.  The  liver,  for  instance,  may  manifest  a  considerable  in- 
crease in  size  in  lymphatic  leukemia,  due  to  a  lymphoma  formation,  and 
following  out  the  previous  rule  it  should  he  described  as  a  ^^  lymphatic- 
hepatic  form  "  of  leukemia.  In  fiict,  this  designation  would  be  by  no 
means  so  confusing  as  that  of  lymphatic  lienal,  for  no  one  could  con- 
ceive that  liver-cells  occurred  in  the  blcxMl,  while  the  last-mentioned 
term  leads  to  no  other  conclusion  than  that  specific  splenic  cells  i>ar- 
ticipate  in  the  bl(X)d-picture. 
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Further,  the  assumption  of  a  pure  lienal  form  of  leukemia  is  proved 
entirely  ouju-ititiable  by  heiuutulogie  iuve.stigtition.  After  whut  ha* 
been  said  on  the  physiologic  partieipatiou  of  the  spleen  in  the  formation 
of  bloofl,  t!ie  probability  uf  a  blood -ehange,  attributable  exclusively  to 
disea,^e  of  tlie  spleen,  ts  almost  beynnd  conception ,  Miireover,  pathology 
confirms  thi^^  view  ;  at  least  Efirlich,  in  a  very  large  numl>er  of  cases, 
has  never  i^uccee<led  in  demonstrating  from  blood  examinations  a  purely 
lienal  fonn.^ 

The  conditions  of  myelogenic  leukemia  are  similar,  inasmuch  as  the 
spleen  t»r  lymph-glands  may  show  metastatic  foci  of  myeloid  tissue- 
Since  the  grnwth  i^f  myeloid  tissue,  and  m^t  the  accomjmnying  swelling 
of  the  spleen  ur  the  lymph-glands,  is  tlie  specific  process,  the  designa- 
tion **  lienomcdullarv  or  medullary  lymphatic"  must  be  considered  as 
illogit*id  and  eon  fusing. 

From  a  hcmatohigic  stand|K>int,  therefore,  only  two  forms  of 
leukemia  may  be  differentiated  ^ 

L  Leukemic  priK*esscs  associated  with  the  growth  t>f  lymphoid 
ti&sue^ — * '  ///  mph  a  Ih  leukem  ki » ' ' 

2,  Leuki-mie  processes  associated  with  the  growth  of  myeloid  tissue 
— ^^  myeloffenw  Ivulemia?^ 

For  the  acc^mipanying  clinical  symptoms  one  is  jiistificil  in  making 
gimple  additimis  that  will  not  confuse — f,  (/.,  ^Mymjihatie  leukemia  with 
enlargement  of  the  liver  or  spleen/'  **  niyelogt^nie  leukemia  with  swell- 
ing of  the  lympli-glands/'  etc. 

Fmm  pres<^nt  knowle<lgc,  though  this  is  certainly  not  verj"  definite, 
one  may  assntne  that  lymphatic  and  myelogenic  leukemia  have  a  dif- 
ferent etiology,  especially  ai*ter  Lr("*wit*s  recent  finding  of  pla^smodium- 
like  fiirms  within  the  white  blo<jd-corpuscles  in  myelogenic  whieli  tire 
absent  in  lymjrliatic  leukemia. 

A  ilifierentiatiiin  of  lymjilmtic  from  myelogenic  leukemia  is  further 
evident  from  the  fnndamental  differenee  it]  their  gtvueral  elinieal  pictures. 

Lymfihatic  leukemia  is  dividetl  clinically  into  two  forms  that  are 
differentiated  readily  from  one  another.  Fii*st,  acute  lymphatic  lenkemia, 
which  is  chanicterizeil  by  its  nipid  course,  by  the  small  size  of  the 
ftplenie   tumor,  an  inclination  to  ix^teehiie  and  to  a  general  hemorrhagic 

^  An  ft  ehfiraeterifltic  exnmple,  maj  be  mentioned  ii  oust*  oJ»st'rvc'<l  l>y  Khrlirh  ji  short 
time  ^y^K  A  wimwn  wjis  jnjurt'il  in  the  re^mi  of  the  tspk-en  by  u  fjill  fn»m  a  niiitle- 
hole  in  a  roof,  im<l  the  injury  was  folio wwl  by  a  p^nuimil  but  connidenible  eiihr^^rniL-nt 
of  ihe  »t]Ueen.  Sinee  tio  olher  elinlertl  syrnptoviiH  were  evident,  the  sursjeon  tre.-ittnj/  b»T 
diaffno»*wl  pure  lienal  lenkeniia,  and  [imposed  f pleneetomy.  Exumiufltion  of  the  hlocxi^ 
however,  i^hawed  the  appearance  of  myel«g?enic  leukemia,  and  the  operation  wrajs  no! 
undertaken. 
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dlathesb.  Its  foudmyaiitye  course  iti variably  produces  the  impression 
of  an  acute  infecti(>us  diseai^e. 

The  second  form  of  lymphatic  leukemia  is  differentiattHl  from  the 
preceding  by  it8  chronie,  fret^iiently  very  (>rf>traet€d  course.  The  spleen 
usually  shows  its  participation  by  a  eousidenible  enlargement.  Still 
the  investigations  are  as  yet  too  few  to  determine  whether  chronic 
lymphatic  leukemia  representn  a  single  disease*  or  nmst  be  separated 
etiolt>gi<.-a]ly  intr»  subclasses,  Hemutiilugiciilly  every  lyniphatu-  leukemia 
is  characterized  by  a  marke<l  predoniiiuinrcM.i»f  the  Iymi>hHL'ells,  (^specially 
of  the  larger  forms.  The  writer  wishes  to  insist  exprensly  that  the 
number  of  enlarged  lymph-i^ells  is  by  no  means  characteristic  of  acrite 
lympbatie  leukemia,  since  ehn^nic,  even  very  protracted  cases  show  the 
saiiR^  For  instanct%  in  such  a  ease  in  (rerhardt's  clinic  all  the  investi- 
gators (Gniwitz,  v.  N«K>rden,  Ehrlich)  observed  these  large  cecils  through- 
out the  entire  course,  Cnrresjwnding  to  previous  conclusions  (see  p.  H4), 
the  writer  considers  that  the  inereii>Me  of  lymph-cells  in  the  bhxKl  in 
lymphatic  leukemia  is  the  result  of  a  passive  floating  in  of  these  ele- 
ments^ and  not  an  active  eoiigmtion  following  chemic  irritation. 

Myelogenic  leukemia  presents  a  totally  ditlercnt  [netnrc.  In  earlier 
tim&i  a  differt'ntiation  (*i'  myelogenic  leukemiu  iVom  simjfie  lcuk«Kytosis 
was  very  difficult — in  f  H*t,  hoth  conditions  were  regarded  as  only  a 
difference  in  degree  of  tljc  s^une  patholrjgir  pnipcss^  and  it  was  assumed 
that  when  the  pivijmrti*in  of  the  whites  to  tlie  reds  exeecHU^l  a  definite 
limit  (1  :  50)  leukocytosis  creased  and  leukemia  began.  The  fundamental 
diflerence  of  the  two  conditions  was  discovered  only  by  the  aid  of  stain- 
ing methf»ds.  Ix*ukoeyti>sis  is  now  recognizcnl  as  an  increase  of  the 
normal  jK»ly nuclear  neutroplule  leukot*ytes,  wliile  myelogenic  leukemia 
inlnxlnees  elements  into  the  blood  not  found  tliere  normally.  These 
new  forms  are  so  chamcteristic  that  the  diagin»sis  of  Icukenua  is  poi^i- 
ble  even  in  the  nire  cases  in  wliich  the  entire  number  of  white  lilofxl- 
corpuscles  is  not  greatly  incre:ised.  The  most  striking  instanci-  id'  this 
jMirt  known  to  the  writer  is  a  case  of  pronoun f*cd  myelogenic  leukemia 
observed  by  v,  Noonlen,  in  which  tlie  proportion  of  whites  to  reds  was 
only  I  :  200. 

TluHigh  misunderstandings  and  confusion  aiv  encountered  in  the 
literature  in  i*c^ajil  to  the  hloinl  pictnn*  of  myelogeuio  leukemia  so 
shaqily  describi-Hl  by  Ehrlich,  the  rcs|Mmsrbility  tor  theni  must  be  laid 
to  rrrors  on  the  part  of  the  observers.  It  lias,  for  instanre,  happened 
that  inexperienced  observers  described  cases  f>f  lympliatic  leukemia  as 
myeliJgenie.  The  appar*»nt  dcviiitioiis  fnund  under  thrsc  eirenmstances 
have   been    quoted  from    one   iKiok   to  another   as   remarkable  c^ses. 
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Again,  the  cLanicteristic  t'lemeiits  necessary  to  a  diagnosis — e,  g.^  the 
DeiJtrit[>liiie  niyeloeyteB — have  often  remainetl  iinretMjgnized  on  account 
of  defeitive  .stiuning  technic.  Another  fertile  source  of  misunden^tand- 
iDg  lies  in  the  fact  that  the  typical  lenkeniic  picture  may  be  altertxl 
under  the  itjHuence  of  complicating  dii?eu8e.s ;  fur  ioBtiineej  the  specific 
character  of  the  bhiod-picture  may  be  more  or  less  obliterated  by  the 
occurrence  of  an  ordinarj^  leukocytosis  the  result  of  a  secondary 
infection,  The^e  conditions  fihouhl  natunilly  be  coDHidercd  separately, 
and  ought  not  to  be  alIowe<l  to  subvert  the  general  disease-picture. 
Nobody  would  deny  the  diagnostic  imjwrtance  of  glyco«uria  iu  dia1:>etes 
because  in  conditions  of  inanition  the  sugar  may  completely  disappear, 
although  the  diabetes  contiuueSj  or  undervalue  the  symptom  of  enlarge^ 
nient  of  the  spleen  in  typhoid  fever  bueiuise  it  occasionally  disapjiears 
as  a  rci^ult  of  an  intestinal  hemorrhnge. 

From  these  etmsiderutiiKis  it  is  evident  that  the  description  of  leu- 
keinie  blood  should  be  made  from  uncomplicate<l  vni^iii^  and  by  the  aid  of 
establislied  mcthtKls.  Under  these  circumstances  such  a  characteristic 
picture  is  obtained  that  the  diagnosis  of  leukemia  can  be  made  with 
absolute  certainty  from  the  blood  prcpi ration  alone.  It  is  necessary  to 
insist  oil  this  fact  ubservw!  hundreds  of  timers,  since  several  recent 
writci*s  on  hematology  refuse  to  rect)gnize  its  full  significanoe.  For 
instiinct^*,  v.  Ijimbeck,  in  the  latest  cKlition  of  his  clinical  pathology  of 
the  blood,  says  :  **  An  nntjualified  diagnosis  of  lienoniedullary  leukemia 
can  not  be  made  fmm  the  blotxl  alone — that  is^  from  the  (presence  of 
one  or  several  cells»  It  is  necessary  to  consider  not  only  the  general 
picture  of  the  ease,  but  also  the  general  pictui'e  of  the  blood-fmding.'* 
Agm'nst  this  the  writer  asserts  that  an  intelligent  hematologist  has  never 
diagnosticated  a  leukeniia  **  from  one  t)r  several  cells/*  At  Iwist,  in 
the  work  of  Ehrlich  and  his  pupils^  the  chnraeter  of  a  leukemia  is 
determined  only  by  the  oeenrrence  of  a  great  number  of  individual 
svmptoms,  each  one  of  which  is  indispensable  for  tlie  diagnosis,  and 
which  !>ecome  convincing  only  when  taken  together.  Under  these  con- 
ditions the  ifiicros(N)pic  examination  ai*  the  staimxl  l»loml»  apart  from 
any  otlR>r  diugnostic  aid,  suffices  to  determine  wliether  leukemia  is  pre^ 
ent,  and  whether  this  is  of  the  lymnliatic  or  myelogfuie  variety. 

Myo](*genic  leukemia,  omitting  an  almost  invariable  marked  increfise 
of  wliite  blcHxl-eorfKiscles,  is  chanicterizcd  mh'vos<*oph*al!ij  by  a  varie- 
gati^l  and  varving  picture.  This  is  prtNluoed  by  the  iutercurrence 
of  different  factors,  namely  : 

A.  That  in  additiim  to  the  poly  nuclear  c^Jls,  their  antecetlents,  the 
mononuclear  granular  leuko(*ytes,  are  found  in  the  blocKl, 
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R  That  the  participation  of  all  three  types  of  granulated  cells,  the 
neatrophileSy  eosinophiles,  and  mast-cells,  contributes  to  the  increase  of 
the  white  blood-corpuscles. 

C.  That  atypical  cell-forms — e.  g,y  dwarf  forms  of  different  kinds 
of  white  blood-corpuscles,  and  mitotic  figures — are  discovered. 

D.  That  the  blood  contains  invariably  nucleated  red  blood-corpuscles, 
often  in  large  numbers. 

1.  We  may  b^in  with  a  discussion  of  the  mononuclear  neutrophile 
cflBj,  E2irlich*8  "  myelocytes."  These  are  present  in  such  large  numbers 
in  the  blood  of  medullary  leukemia  that  they  give  a  mononuclear 
character  to  the  whole  picture.  As  has  been  stated,  myelocytes 
nomudly  occur  in  the  bone-marrow,  but  not  in  the  circulating  blood. 
Their  immense  importance  in  the  diagnosis  of  medullary  leukemia,  in 
which  they  have  been  regularly  found  bv  the  best  investigators,  is  in 
no  way  lessened  by  their  transitory  occurrence  in  several  other  condi- 
tions (see  pp.  68  and  69).  Though,  according  to  Turk's  investigations, 
they  are  occasionally  found  at  the  crisis  of  a  pneumonia,  as  an  accom- 
panying condition  in  the  general  leukocytosis,  the  danger  of  a  confusion 
with  leukemia  does  not  in  the  least  arise.  This  is  prevented  by  :  (1) 
the  much  smaller  increase  in  white  cells  generally  ;  (2)  the  diminution 
of  eosinophiles  and  mast-cells  ;  (3)  the  fact  that  the  myelocytes  of  leu- 
kemic blood  are  almost  always  wnsiderably  larger ;  (4)  the  predominant 
polynuclear  character  of  the  leukocytosis,  which  is  not  concealefl  by  the 
small  number  of  myelocytes  (at  most  1 2  per  cent.) ;  and  (5)  the  incomj)ar- 
^Wy  smaller  absolute  number  of  myclo(*vt<\s.  In  a  pronounced  case  of 
Turk's,  for  instance,  in  which  the  percentage  of  myelocytes  was  11.9, 
^oeir  absolute  number  amounted  at  most  to  1000  |kt  cmm.  This 
number  can  not  l>e  comparcMl  with  that  occurring  in  leukcMuia,  in  which 
•^0,000  to  100,000  myelocytes  or  more  j>er  c.nmi.  are  found  in  by  no 
"leans  extreme  cases. 

2.  Vie  Monomiclear  Eosiaophile  CvJIh, — Kv^en  before  the  iutrcKlucticm 

♦^f  staining,  Moslerhad  |M)inted  out  large  coarsely  jrnm u la r  cells,  "  Mark- 

^'len,"  as  characttTistic  of  myelogenic  leukemia.     These  are  in  great 

P^rt  identical  with  the  moiionucleiir  eosinophile  cells  to  which  Miiller 

and  Kienler   devoted    special    att<'ntion,  and  which   they  considered  the 

^inophile  analogues  of  the  preceding  group.     They  are  large,  coarse 

elements  with  an  oval  relatively  feebly  stiiining  nucleus.     Though  they 

3re  undeniably  a  valuable  chanicteristic  of  leukemia,  their  significance 

IS  much  less  than  that  of  the  mononuclear  neutrophile  cells  on  account 

<>f  the  numbers  of  the  latter.     The   presence  of  "  eosinophile  myelo- 
id 
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cytes' 


not  an  absolute  proof  of  leuke 


,  sinee  they  sometimes  occur 

in  small  nmnbei-s  in  other  ilis-i^flses. 

3»  Th£  Ahmlute  ImreaM  of  Eo&inopkUe  Celh. — It  was  stated  by 
Ehrlieh  in  his  first  work  on  leukemia  that  the  absolute  number  of 
eosinophilos  was  iiu'ariably  iuereaRnl  m  myelogenic  leukemia.  This 
Btatenient  did  not  remain  nneontmdietetl,  ami  \\  Limbeek,  in  hk  text- 
book, speakf*  <if  an  ^'^  alleged  "  increa.se  of  eosinophile  eells,  It  was  the 
well-known  work  of  Midler  and  Kietler  that  gave  rise  to  this  oppositir*n 
and  arouHiHl  su8j>icitin  as  to  the  diat^no.stic  in)[>ortanee  of  eosinophile 
csells.     Still,  these  writers  baseil  their  eontradietion  0[i  false  premises. 

Ehrlieh  did  not  atlirm  an  inere^ase  in  the  |>ereeutage  of  et)sinoj>hiles^, 
but  oidy  in  their  absolute  numbers.  When  a  normal  |M^ret^ntage  of 
eosinophiles  is  found  in  a  ease  of  leukemic,  this  invariably  indieate^;  a 
considerable  absolute  increase,  and  Miiller  and  Rieder  would  have  found 
Khrlich's  assertion  eonfirmed  if  they  had  reekoned  the  absolute  nnuiberg 
in  seveml  of  their  eases.  Heleetin^  from  the  seven  eases  studied  in 
their  work  thost*  in  whieh  it  is  jiossible  from  the  given  data  U>  show  the 
absolute  numl>er  of  eosinophile  cells,  it  is  found  that :  ^H 

Ctae  29     .   .   « *  3.5  {ler  cent  eosinophiles  14,000  per  lmuiq.         ^^M 

**    30 -  3.9        **  ^*  8»000    '*  ^M 

"    31 3.4         "  **  11,000    "        '* 

In  contrast  to  the  number  of  eosinophiles  stated  by  Zappert  to  be  a 
high  normal,  tiamely,  250  eosinophiles,  in  the^e  eases  an  average  of 
ll^OOOj  or  almost  fifty  times  that  numl>er,  is  found.  The  findings  of 
Miiller  and  Rieder,  tlierefnre,  fidly  confirmed  Ehrlich's  aj?sertion.  ^H 

The    al>solute    nnml>er    of  eosinophile    cells    de}>ends    to  a  certain^ 
extent  on  the  relative  proportir>n  of  whites  and  reds,  and  is  iuerejii>ed 
in  pro]K>rtion  to  the  genenil   increase  in  lenkocj^es.     Zapi^ert  fonud — 
«.  g. — in  hift  cases  the  following  figures  : 

BelaUon  of  white  to  red  Absolute  tiiimlmr  of 

bl  ooii-eo  rpiiBcleii,  eosi  nophi  lea. 

1  :  24 3,0(JO-4,560 

1:18 '.\,:\m 

1  :  Ifj 7,000 

1  r  13    .    .   1 8,700 

Irll ti.OOO 

1  : 7,6 -    .    8,300 

1  : 7.0   ... 7.600 

1  : 7,0 .   .  20,000 

1  ;5.0 14,000 

1  :  .^.8 ^        .  34,000 

Apart  from  the  general  ei>rre?*ii«indence  of  the  two  series  of  figures, 
this  summan'  show^  the  miniranm,  rlOOO  ef>sinnphil(»*^,  with  a  propor- 
tion of  whites  to  red.s  of  1  :  24^  still  fifteen  times  alujve  the  normal. 
The  maximum  nrmil>er  of  *jO,000  found  by  Zrippert  is  by  no  mean.<?  an 


NORMAL  AND  PATHOLOGIC  HISTOLOGY  OF  THE  BLOOD.  131 

extreme^  for  cases  of  leukemia  are  not  at  all  rare  in  which  100,000  and 
more  eosinophils  per  cmni.  are  found. 

After  a  glance  at  these  figures  it  must  be  admitted  that  the  absolute 
increase  of  eosinophile  cells  in  medullary  leukemia  is  not  ^^  alleged '' 
(v.  Limbeck),  but,  on  the  contrary,  decidedly  real  and  considerable. 

Though  as  a  result  of  complications,  like  sepsis,  the  absolute  and 
relative  number  of  eosinophile  cells  in  leukemia  may  decrease,  this  can 
not  be  considered  a  deviation  from  the  rule  that  the  eosinophile  cells 
are  increased  in  myelogenic  leukemia.     For  even  here  it  is  only  neces- 
sary to  observe  the  obvious  principle  of  comparing  analogous  conditions 
wilJi  one  another.     The  blood  of  a  leukemic  patient  aflRected  with  severe 
sepsis  should  not  be  compared  with  that  of  health,  but  with  that  of  a 
person  likewise  affected  with  severe  sepsis.     In  sepsis  it  is  known  that 
the  number  of  eosinophiles  decidedly  decreases,  so  that,  for  instance, 
Zappert  in  five  such  cases  was  unable  to  find  any  eosinophiles  in  the 
blood.    In   contrast  to  this  there  is  a  case  of  myelogenic  leukemia 
described  by  Muller  and  Rieder  which  was  complicated   by  a  severe 
sappurative  process  that  terminated  fatally.     As  a  result  of  the  acute 
neutrophile  leukocytosis  produced  by  the  septic  infection,  the  number 
of  eosmophiles  sank  rapidly  from  3.5  to  0.43  per  cent,  (four  hours  ante 
mortem).     Still  the  absolute  number  of  eosinophile  cells  at  this  terminal 
stage  amounted  to  1400-1500  per  c.mm.,  which  in  comparison  with  a 
simple  sepsis  is  a  great   excess.     It    is,  therefore,   unjustifiable  from 
such  cases  to  contest  the  diagnostic  significance  of  eosinophile  cells  in 
leukemia,  since  they  actually  show  a  striking  confirmation  of  the  con- 
stancy of  the  rule. 

At  the  time  when  Ehrlich  stated  the  principle  of  the  diagnostic 
significance  of  eosinophiles  in  leukemia,  simple  eosinophile  leukocytosis 
(j^p.  112)  was  not  known,  and  was  discovered  only  later  in  asthma 
and  other  conditions.  Yet  this  does  not  subvert  the  applicability  of 
this  rule,  since  a  confusion  of  the  other  conditions  producing  eosino- 
philia  with  leukemia  is  absolutely  excluded,  as  they  show  no  other 
clinical  resemblances  and  the  blood-picture  differs  in  several  important 
Particulars  :  (1)  the  total  increase  of  white  cells  rarely  reaches  numbers 
^"'<'h  recall  leukemia ;  (2)  the  (non-leukemio)  eosinophile  leukocytoses 
*^  exclusively  jK)ly nuclear  ;  (3)  mast-cells  and  neutrophile  myelocytes 
*fc  almost  entirely  wanting. 

The  diagnostic  significance  of  an  absolute  increase  of  eosinophile 
^11*5  is  further  shown  by  cases  in  which,  with  a  blood-picture  reciilling 
l^kemia,  the  absence  of  eosinophile  cells  excluded  such  a  din<rn<)sis. 
Thu:;,  for  instance,  in  a  case  of  carcinoma  of  the  bone-marrow  described 
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by  Epstein,  there  was  found  a  condition  of  anemia,  which  is  almost 
always  present  in  leukemia,  together  with  a  very  marked  increase  of 
white  blood-corpuscles,  numerous  neutrophile  myelocytes,  and  nucleated 
red  blood-corpuscles.  Everyone  who,  like  Miiller  and  Rieder,  con- 
siders the  number  of  eosinophiles  not  essential  to  the  diagnosis,  must 
have  diagnosticated  a  myelogenic  leukemia,  yet,  following  Ehrlich's 
rule,  this  would  have  been  absolutely  excluded  by  the  absence  of 
eosinophiles. 

It  appears,  therefore,  that  an  absolute  increase  of  eosinophile  cells 
must  be  regarded  as  indispensable  iu  the  diagnosis  of  leukemia. 

4.  The  Absolute  Increase  of  Mast-cells, — Mast-cells  are  invariably 
increased  in  myelogenic  leukemia.  They  may  be  recognized  and 
count(»d  either  by  the  triacid  or  the  eosin-mythelene-blue  stain.  Under 
the  action  of  the  first  they  appear  as  polynuclear  non-granular  cells, 
since  their  granulations  do  not  take  up  any  of  the  triacid  constituents, 
and  in  Uthemann's  dissertation  they  were  thus  described.  It  was  only 
later  that  Ehrlich  recognized  them  as  mast-cells,  and  he  was  confirmed 
among  others  by  C.  S.  Engel. 

The  increase  of  mast-cells  in  all  cases  of  myelogenic  leukemia  is 
absolute  and  considerable.  Oixlinarily  they  are  half  or  possibly  quite 
as  numerous  as  the  eosinophiles,  but  they  sometimes  exceed  them  in 
numl>er.  It  is  cx>nsequently  obvious  that  the  mast-cells  undergo  a 
comparatively  greater  increase  than  the  eosinophiles,  since  they  normally 
amount  to  about  0.28  per  cent.  Their  diagnostic  importance  in  myelo- 
genic leukemia  is  probably  greater  than  that  of  the  eosinophile  cells 
for  the  reason  that  up  to  the  present  no  other  condition  is  known  in 
which  there  is  a  marked  increase  of  the  mast-cells. 

•").  Atjipical  formi<  of  white  blood-corpuscles:  {a)  Dwarf  forms  of 
polynuclear  neutrophiles  and  eosinopliiles  were  first  descrilu^d  by  Spilling 
in  leukemia.  As  a  rule  they  represent  normal  polynuclear  cells  in 
smaller  forms.  (/>)  Dwarf  forms  of  mononuclear  neutrophiles  and 
eosinophil(v<  are  also  found,  and  corresfxmd  to  the  pseudolymphocytes 
descrilKnl  in  another  place  (se(»  p.  69).  The  significjuur  of  <lwarf  forms 
in  leukemia  is  not  clear,  and  it  is  difficult  to  decide  whether  they  enter 
the  circulation  as  such  or  decrease  in  size  in  the  circulation  by  division 
an<l  (Contraction,  (f)  Cells  showing  mitoses.  Formerly  considerable  sig- 
nificance was  attachtnl  to  mitoses  in  leukemic  bloo<l,  under  the  supposi- 
tion that  they  indicate<l  an  increase  of  white  blood -cells  by  a  process 
of  division  in  the  <'ireulation.  This  assumption  was  esj)ecially  advo- 
c:ited  by  Lowit.  A  nnmlnT  of  authorities  (FT.  F.  Muller,  Wertheim, 
Ri(*(h»r)  have  demonstratHl  mitoses,  es|MH'ially  of  the  myeloeytes,  in  the 
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drcolatiDg  blood  in  leukemia.  Still  no  diagnostic  value  can  be  at- 
tributed to  them.  In  the  first  place,  they  become  evident  only  on  the 
CTQployment  of  special  stains ;  and  secondly,  they  are  invariably  present 
in  extremely  small  numbers.  Miiller,  for  instance,  declared  that  he  was 
ordinarily  obliged  to  examine  thonj^nds  of  white  bhxxl-corpuscles 
before  meeting  one  in  mitosis.  He  found  only  one  ease  in  which  the 
karyokinetic  figures  were  in  larger  numl)ers,  and  even  here  there  was 
only  one  in  mitosis  among  several  hundred  leukocytes.  This  practically 
negative  finding  teaches  that  the  mitoses  play  a  much  too  subordinate 
rftlo  to  indicate  that  they  are  of  any  significance  as  far  as  the  increase 
of  cells  in  the  blood  is  concerned. 

6.  Nxu*le(ited  Red  Blood^orpuacles. — ^These  are  a  constant  constituent 
of  leukemic  blood.  In  different  cases  their  numbers  varj'  considerably. 
In  one  they  are  extremely  scanty,  in  another  every  field  contains  many 
of  them.  The  normoblastic  type  is  found  most  frequently,  though 
megaloblasts  and  transitions  between  the  two  forms  are  not  infrequent. 
Mitoses  of  the  erythrocytes  have  been  describetl  by  different  writers, 
though  they  possess  no  theoretic  or  clinical  significance. 

The  occurrence  of  erythrohlasts  in  leukemia  may  be  either  a  specific 
symptom  or  only  an  expression  of  the  anemia  accompanying  the 
leukemia.  The  writer  is  inclined  to  decide  in  favor  of  the  former,  since 
8uch  immense  numbers  of  nucleated  red  cells  are  practically  never 
observed  in  other  anemias. 

So  much  for  the  individual  elements  of  leukemic  blood,  on  which 
the  diagnosis  of  the  disease  is  based.  Still,  it  must  he  added  that  though 
everj'  individual  element  is  found  in  every  case  of  medullary  leukemia, 
its  manner  of  occurrence  and  its  numcricjil  nitio  to  others  are  extremely 
variable.  Apart  from  the  increase  in  leukocytes,  every  case  is  different ; 
in  one  case  the  bliKxl-picture  is  dominated  hv  mononuclear  ncutrophiles 
with  large  nuclei ;  in  another  the  increase  of  eosinophiles  is  most  con- 
spicuous ;  in  a  third  the  nucleated  red  blocKl-corpuscles  predominate ; 
in  a  fourth  the  blood  is  filled  with  mast-c(»lls.  Therefore,  such  an 
abundance  of  combinations  is  found  that  ever\'  single  case  possesses  an 
individual  stamp.* 

The  sttidy  of  the  alterations  of  the  blood  in  medullary  leukemia 
under  the  influence  of  certain  intercurrent  affe(»tions  is  decidedly  im- 
portant. From  the  recent  inv'estigations  of  A.  Friinkel,  Tjichtheini, 
and  others,*  it  appears  that  under  the  influence  of  febrile  diseases  the 

*  Ehrlich  once  succeeded  in  recognizing,  by  estimations  of  the  different  cell-forms, 
the  specimens  belonging  to  ten  different  cases  of  leukemia,  the  labels  of  which  were  lost 
'  For  the  literature  on  the  subject,  see  A.  Fr.'inkel. 
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number  of  leukocytes  may  exjierionee  an  extnunx^linary  decrease.  The 
character  of  the  IiKkjcI  alters  in  s^uch  a  way  that  the  riiyeleraic  elementis 
become  less  conspicuous,  while  the  polynuclear  ueutrophiles  come  oiore 
to  the  fnmt  These  may  reach  pereeutages  such  a^  are  seen  in  ordinary 
leukocytoses^  of  00  per  cent,  and  over.  Further  details*  in  regard  to 
these  remarkable  cases,  their  theoretic  signilicance,  and  their  clinical 
course,  have  been  reservciJ  for  the  special  part  on  Leukemia. 

Here  ordy  certain  nirc  cases  will  be  alhuh'd  to  wliich  deuiand  atten- 
timj  on  account  of  such  a  trausformation  of  the  leukemic  bkiod  that  the 
diagnosis  was  made  exceedingly  difficult  or  almost  imjxjssihle.  In  the 
literature  only  one  such  case  k  found,  Zapjiert  reports  the  case  of  a 
female  patient  who,  in  February,  1802,  pre^enteil  the  tyjiical  picture 
of  myelogenic  knikemia ;  among  other  symptoms  the  [irHportiim  of 
whites  to  reds  was  1  :  4,92,  with  3  400  eosinophiles  p^r  c*nim.,  or  3.4 
per  cent.  At  the  end  of  Septtnd>er,  in  the  same  year,  when  the  patient 
\va,s  brought  into  thi-  hos[)ital,  where  she  quickly  died  of  prugi*e^ive 
inanition,  the  count  showed  a  proportion  of  whites  to  reiLs  of  1  :  1,5, 
an  eosinophile  percentage  of  0.43,  and  about  70  |>er  cent,  of  montmuck^ar 
leuko(*ytcs,  the  mnjurity  of  which  were  free  frum  nrutrnpliile  granula- 
tions. More<iver,  Zapp-rt  expressly  insists  that  tlie  whok*  a|ipc»aninL'<.' 
of  these  cells  differed  from  that  of  lymphocji^js.  At  the  antopi^y 
ZapjK^rt  fonnil  in  the  bone-marrow  large  nimd>ei's  of  non-grannlar 
mnnonncleur  cells  and  a  much  smaller  nund)er  of  t^isinophile  cells  than 
is  usual  in  leukemia.  A  second  case  of  this  kiml  was  cxaminitl  by 
Dr.  Blachstein,  nnder  Ehrlich's  direction.  Tlie  patient  in  qnestion  liiid 
lieen  snbjet^tefl  to  an  arcuratc  clinical  I'xami nation  some  time  Ix^forc  on 
account  of  myelogenic  leukrmia.  After  admission  to  the  hospital  the 
bliMwl  examination  was  nKule  only  one  day  before  the  exitus  Icthalisj 
which  was  the  imme<liate  resnlt  of  a  septic  complication.  The  bloiKj 
showed  a  marketUy  leukemic  chjtracter  with  iVl  per  cent,  ixjiynuclear 
cells,  17.5  pt>r  cent,  mcmfmnclear  non-granular  myelocytes  of  alxiut 
on li nary  size,  0.75  per  cent,  ensinophile  ci41s,  and  rnmleratc  nnml>cr8 
of  nucleate*!  red  bliMMl-cnrpusrh's.  Tlie  predono'uam.'c  of  poly micl ear 
cells  and  the  ^mall  number  tif  eosinopliiles  are  ivadily  explained  by  the 
septic  infection,  though  the  absence  of  granule**  in  the  mononuclear 
cells  is  striking. 

These  twc»  observations  can  bo  explained  only  by  the  assumption  that 
in  t^ertain  terminal  stages  the  orgtiuisni  tosps  its  piwi^r  of  elabi»rating 
nentrophile  substiinces.  Analog^ms  conditions  are  also  foutjtl  in  noii- 
leukemic  diseases,  for  inst*ince,  the  rase  of  p<jst-hemttrrliiigic  anemia 
described  by  Ehrlich.     It  is  very  important  to  recall  tliesc  rare  cases, 
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thus  fer  but  little  studied,  since  ignorance  of  them  may  give  rise  to 
errors  as  to  the  origin  of  the  mononuclear  cells  and  to  the  diagnosis  of 
lienal  leukemia. 

In  conclusion,  the  writers  wish  to  take  up  the  important  question 
of  the  oris^in  of  the  myelemic  constituents  of  the  blood.  According 
to  their  explanation,  two  possibilities  must  be  considered,  either  a  passive 
inundation  or  an  active  emigration  of  the  bone-marrow  elements  into 
the  circulation.  This  important  and  difficult  question  is  by  no  means 
ready  for  decision.  The  most  serious  objection  raised  against  the  active 
emigration  of  the  bone-marrow  cells  is  deduced  from  the  behavior  of 
the  white  blood-corpuscles  on  a  warm  stage.  Such  investigations  were 
undertaken  by  a  number  of  men,  of  whom  must  be  mentioned  Biesia- 
deeki,  Neumann,  Hayem,  Lowit,  Mayet,  Gilbert,  and  especially  H.  F. 
Muller.  All  these  investigators  agree  that  the  lymphocytes  under  no 
circumstances  show  the  slightest  motility,  while  the  polynuclear  neutro- 
philes  are  invariably  motile.  [A  number  of  recent  investigators  have 
come  to  the  conclusion  that  the  lymphocytes  are  actively  ameboid,  and 
the  contention  seems  to  be  conclusively  established  by  the  studies  of 
Mazimow,^  Almkvist,^  Hirschfeld,^  Mosse,*  Flexner,*  Bunting,*  and 
Wolff.' 

In  this  connection  the  view  of  Prof.  Welch  is  of  interest.  He  has 
always  held  that  evidence  in  support  of  the  movement  of  the  lympho- 
cytes was  conclusive,  and  was  led  to  that  belief  esi)ecially  by  the  obser- 
vations of  Gilchrist  in  urticaria.  He  found  that  they  accumulate 
within  fifteen  minutes  of  the  application  of  an  irritant,  evidence  that 
there  must  be  active  migration  of  the  lymphocytes. — Ed.]. 

As  far  as  the  elements  most  characteristic  of  leukemia,  namely,  the 
myelocytes,  are  concerne<l,  the  literature  is  contradictory.  Some 
authorities  deny  all  motility  to  these  cells,  thouj^h  the  majority  rejwrt 
slight  movement  which  renders  the  negative   results  valueless.     In  a 

*  **  Experimentelle   Untersuchungen   uber  die  entziindliche   Neubildung,"   Zieyler^B 
Beitriigf^  5te8  Supplementlieft,  1 902. 

*  *'Ueber  die  EmigrationH-fahigkcit  der  Lymphocyten,"  Virr.h<nc\  Archiv^  1902,  vol. 
clxix.,  p.  17. 

'  "  8ind  die   Lynipliocyten  amiihoider   Bewcgiing  filliig,"   Berlin,  klin.  Wochen^chr,^ 
1901.  vol.  xxxviii.,  p.  1019. 

*  "Zur  HistogencHe  der  lymphatifichen  Ijeukemie,"  Zeifachr.  fiir  klin.  Med.^  1903,  vol. 
L,  p.  70. 

•"The  Pathology  of  Lyinphotoxic  and  Myelotoxic  Intoxication,"  Uniw  of  Penna. 
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ref^ently  publishctl  careful  work  from  the  College  tk*  Fnmce,  Jfillv 
makes  a  similar  statenient,  namely:  **  C^^taient  des  ehaTigemeiitii  de 
forme  sur  plaee,  leut^  et  pen  cfjnsi(l6rables,  formations  de  b<»a«M?liires  ^ 
grands  rayoiiB,  passage  d'une  forme  arrondie  h  une  forme  ovalaire  ou 
bilfili^^e,  et<?.  Ces  mouveraents  ^taient  visibles  dans  les  observations  I 
et  IV  et  appirtenaient  surtoiit  h  des  globules  de  gmnde  tailkv*'  It  m 
natuniUy  impossible  to  decide  if  tliis  slight  motility  is  suffieient  to 
ind rente  indej>endent  l<x'(jmotiini,  tlioitgh  a  further  observation  of 
Jolly's  relative  to  the  mouonuelear  eoninopbile  myeloeytes  seems  to 
support  it.  So  far  it  has  been  generally  believed  that  the  latter  possess  . 
no  independent  motility,  yet  in  a  recent  case  of  typical  leukemia  Jolly  ^M 
fooml  almost  all  the  eosinophile  cells  on  the  prc*panition  in  active  ^ 
movement.  He  says:  **Ces  gloliules  granuleux  aerifs  pr^sentaient  de5> 
mouvemeiits  de  progrt\ssion  et  des  ehangeraents  de  forme  caract^ris- 
titpies  et  rapides ;  wjX'ndant  je  n'ai  pas  vu  ces  gloljules  prN5s<'nter  de 
p8eudoptjde.s  etlil6s ;  de  plus^  lenrs  eontonrs  jestaient  presqiie  tonjours 
a^ssez  nett<^meiit  arr{'t^\>*.  Ces  particularity^  correspondent  exaetement  k 
la  deseription,  tpi'a  donn^e  depuis  longtenips  Max  Schuttze  des  raouve- 
ments  des  cellules  granuleuses  du  sang  normal/*  The  examination  of 
the  staine<l  specimen  from  this  same  ease  showeil  that  i\\v  blood  con- 
tained, as  was  to  be  ex|>eeted,  both  }xjly nuclear  and  mouoniielear  eosino- 
phile cells.  Contrary  J  thereto  re,  to  all  previous  observers,  Jolly  por- 
ct^iviM^l  a  lively  active  motility  of  the  mononuclear  eosinophile  cells. 
That  this  ameboid  movement  of  tlie  mononuclear  cells  is  rarely  seen,  is 
due  not  tc)  lack  of  function  per  Hi\  l>ut  to  defective  methods  of  examina- 
tion^ which  are  obviously  rough  and  ill  adapted  Uy  this  delicate  biologic 
process.  What  effect^  these  meth<Kls  can  pnxluce  on  cells  of  incon- 
testable motility,  is  ehuwn  by  numerous  examples  in  tlie  literature. 
Rieder,  for  instance,  in  a  case  of  maliguimt  lymplioma  failed  to  find 
any  motility  in  the  majority  of  the  polynuclear  neutrophiles,  though 
according  to  all  experience  this  is  a  property  wbicli  tl*ey  invariably 
possc»ss. 

The  conclusiim,  therefore,  seems  evident  that  the  motility  of  the 
mononuclear  cells,  l>otb  eosinophile  and  nentrophile,  seems  slight  on 
account  of  the  rt>ngh  methods  of  examination  ;  as  a  matter  of  fact,  the 
movement  is  undoubtetUy  sufficient  for  emigration. 

Another,  but  nnieh  loss  import^mt  objcM^tion  to  the  consideratiim  of 
myelogenic  hukeuiia  as  an  active  leukocytosis,  is  that  the  pus  product 
artificially  in  leukemic  patients  almost  always  consists  of  the  same 
histologic  elements  as  ordinary  pus.  Still,  fmm  what  has  been  sa?d» 
only  a  royelemic   pus   could   be  exjiected  when   the  specific  virus  of 
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kokemia  was  preseDt  in  a  concentrated  form  at  the  site  of  inilamma- 
tioD.    In  Neusser's  pemphigus  case  an  eosinophile  suppuration  was 
8eeD  only  in  the  idiopathic  pemphigus  vesicles^  not  in  the  artificially 
prodnoed  foci  of  suppuration.     Moreover,  it  is  known  that  the  myelo- 
cytes are  not  at  all  positively  influenced  by  the  chemotactic  irritation  of 
ordiDary  infectious  agents  ;  on  the  contrary,  judging  from  the  previous 
observations  on  the  transformation  of  the  leukemic  blood-pictiure  under 
tie  influence  of  infectious  diseases,  the  ordinary  bacterial  toxins  have 
Datively  chemotactic  action  on   the  eosinophile  as  well  as  the  ueu- 
trophile  mononuclear  cells.     Under  these  circumstances  it  is  only  nat- 
onil  to  expect  that  an  artificially  produced  suppuration  in  a  leukemic 
Patient  would   not  show  a  myelemic,  but  a  polynuclear  neutrophile 
character. 

It  is  a  problem  for  future  investigation  to  examine  accurately  spon- 

tweous  inflammator}'  products — e.  g,,  pleuritic  exudates — in  order  to 

™1  out  if  under  particular  conditions  all  the  leuk(x;ytes  characteristic 

for  leukemia  may  not  be  able  to  emigrate  from  the  blood.     In  one  case 

^f  pleurisy  in  a  leukemic  patient  Ehrlich  was  led  to  think  from  a  study 

of  the  preparation   that   a   "myeloid"   emigration,   involving  all   the 

dements  present  in  the  blood,  had  actually  taken  place.     This  obscrva- 

^^     is  not  absolutely  convincing,  inasmuch  as  it  was  imiK)Ssible  to 

cstnnate  exactly  the  ratio  of  the  red  to  the  white  bloo<l-corpusclos  in 

*"®  Exudate.     Such  an  estimation  would  natural ly  be  necessiiry  to  deter- 

''^^^^  whether  the   white  blcMnl-corpuscles   actively  einigratwl   into  the 

^'^^iate  or  left  the  vessels  purely  mechanically,  per  rhexiv. 

XTie  assumption  of  an  active  origin  of  myolcmia  is  supported  by 
""^tier  considerations.  In  addition  to  the  niyel(>ryt<\<,  tlu»  polynuclear 
^^""Icocytes,  the  active  emigration  of  which  is  beyond  doubt,  are  enor- 
™^^sly  increased  in  leukemia.  Now  if  it  is  concluded  that  the  niono- 
""^*lear  cells  are  passively  forced  into  the  circulation,  we  must  resign 
^"^  isimple  theorj'  of  uniform  origin  of  the  diilenMit  elements  and  fall 
"^^Vc  on  a  very  elaborate  explanation. 

^loreover,  the  morphologic  alterations  of  leukemic  blood  undcT  the 
i"Q  Uence  of  infectious  diseases  can  l>e  logically  explained  only  by  the 
^"^or}'  of  emigration.     For  if  the  white  blood-corpuscles  were  mechan- 
ically forced  from  the  bone-marrow,  it  would  be  impossible  to  under- 
siv^nd  how  a  bacterial  infection  would  b<»  able  to  chanj^e  the  condition 
^^  a  polynuclear  leukfwytosis ;  while  this  is  readily  explained  by  the 
*^*<umption  that  the  ordinary  bacterial  toxins  act  positively  ehemotaetie 
only  on  the  polynuclear  neutrophiles  and  negatively  chemotiictic  on  th(; 
other  forms. 
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In  r^ard  t<T  the  urigin  of  the  leukemic  blood-picturej  therefore,  it 
must  be  eooehided  that  timler  the  iiifluene4;  of  the  siweifie  Icuketuic 
\miti  not  only  the  mattire  pilymiclear  elements,  but  likewise  their 
monomieleiir  eosinophile  ub  well  as  neutrophile  antecedents  wander  into 
the  blood  ;  in  other  wordi*^  niyelojL^t'nic  leukemia  is  to  be  reckoned  with 
great  prubability  aniotig  the  aetive  leukix'ytoses. 


DIMINUTION  OF  THE  WHITE  BLOODCORPUSCLES  (LEUKOPENIA). 

Diniinution  of  tlie  white  blumJ-corpuseles  pluy.s  a  very  nninifM>rtant 
clinical  role  in  comparison  with  their  increase.  It  fwcurs  in  only  a  few 
diseases,  and  rarely  reaches  a  high  grade.  Tlie  greatest  decrease  was 
described  by  Kohlatik  in  the  followiriLT  cas<',  while  making  systeniatk" 
examinations  in  Furliringer's  ward  :  A  twenty-five  yeiir  old  robti^t  man 
whose  internal  organs  were  found  healthy,  suffered  from  short  epilepti- 
form attiicks,  in  one  of  which  death  oceun-ed.  The  [iostniorteni  exaniina* 
tion  jshowed  no  cause  for  death.  In  tlie  course  of  three  days*  observa- 
tion tw^o  blood  examinations  were  nuide,  of  which  the  first  showed  in 
ten  cover-glass  preparations  not  one  white  blood-corpuscle,  the  second 
in  the  same  nimd>er  of  prepnralions  a  single  example. 

This  reniark;d>le  cjise  has  been  mentione<l  on  ac'count  of  the  extreme 
leukopenia,  such  as  was  never  before  observed-  An  explanation  of  it  is 
ini|>ossible  on  account  of  the  vagueness  of  the  whole  case. 

In  general  the  ennditions  are  very  well  kitown  under  which  consid- 
erable diminntinn  tvf  the  leukocytes  takes  place.  These  may  be  divided 
into  two  chief  groups  : 

1*  Ijeuk<ip*>n!a  due  to  destruction  of  a  jvortion  of  the  white  blood- 
corpuscles  (I^'twit), 

2.  lA^nki^penia  due  to  a  lessened  influx  of  white  bloodKM.irpuscles, 

{a)  In  infectious  diseases  on  account  of  negative  chemotaxis  j 

(h)  In  ani'mias,  etc.,  on  account  of  defective  function  of  the  bone- 
marrow.  [In  this  place,  the  c*onstant  lenkojHiiia  of  certain  cases  of 
so-called  s|>Ienir  :inemia  shordd  be  recalled.  In  stn^eral  instances  of 
this  sort  under  the  writer's  observation,  the  nunil>er  of  lenktHytes  has 
remain*Hl  very  low  wiihout  exception  during  many  mrmtlis,  and  even 
such  infections  diseases  as  pneumonia  and  cellulitis,  that  ordinarily 
provoke  a  decidcfl  leukocytosis,  eauseil  no  increase,  or,  at  least,  not 
any  inciT*ase  above  the  lower  normal  niimWr  of  white  cells.  In  these 
castas  there  was  no  spcY-iid  degree  of  anemia^ — En.] 

In  Mie  chnptrr  nn  Linikwytosis  the  leukopnia  experimentidly  pro- 
duce<l  l>y  Lowit  was  tlu^rouijhly  explained  and  it  was  shown  that 
acconling  tu  pnsent  views  this  was  the  result  not  of  an  actual  de^itruc- 
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tion  of  white  elements,  but  of  an  altered  distribution  within  the  circu- 
lation. 

Among  the  infectious  diseases  associated  with  a  hyjwleukocytosis 
roust  be  mentioned,  in  the  first  place,  typhoid  fever.     In  tliis  the  dimi- 
nution is  mostly  at  the  expense  of  the  polynuclear  cells.     Uncompli- 
cated measles  also  usually  runs  its  course  with  a  pronounced  leukopenia 
which  is  especially  conspicuous  during  the  eruption  and  at  the  height  of 
^e  exanthem.     These  ciises  of  infectious  leukopenia  are  explained  not 
*o  much  by  a  destruction  of  white  blood-corpuscles,  as  by  a  decreased 
roflux,  which  in  the  case  of  the  polynuclear  elements  is  to  be  referred 
^0  the  presence  of  negsitively  chemotiictic  substances  in  the  circulation. 
In  certain  cases  of  severe  anemia  leukopenia  has  a  special  signifi- 
<ance  in  that  it  makes  the  prognosis  unfavorable.     Elirlich  descril)ed  *  a 
Q'se    of  post-hemorrhagic  anemia  ending  fatally   in    which   a   marked 
diminution  of  the  leukocytes  was  found.     The  count  showed  that  the 
P''^^test  numl)er  (80  ]yer  cent.)  of  the  white  blood-corpuscles  were  lym- 
phoovtes,  while  the  polynuclear  cells  amounted   only  to  14  per  cent. 
(m^t:cad  of  the  normal  proportion,  70—72  per  cent.).     No  eosinophiles 
^^  *^ucleated   red  blood-corpuscles  were  observed.     Ehrlich   attributed 
thi^    to  a  disturbance  of  the  function  of  the  bone-marrow,  which  resulted 
m  ^t:i  insufficient  production  of  red  and  white  blood-corpuscles.     As  an 
anatomic  basis  for  this  disturbance  of  function,  he  conjectured  that  the 
fi^^^tnarrow  of  the  long  tubular  bones  was  not  transformed  into  blood- 
n^^Wing  red   marrow,  as   is   usually  the  case  in  severe  anemias.     This 
du^nosis  made  intra  vttam  in  two  cases  was  fully  confirmed  by  autopsy. 
Blood-platelets — Blood-dust. — The  blood-platelets  were  first 
described  by  Hay  em,  later  by  Bizzozero,  as  a  third  formed  element  of 
normal  blcxxl.     They  arc  round  or  oval,  hemoglobin-free  discs.     Their 
*Wpe   is    extremely   susceptible    to    nuH^lianical,   thermic,   and    chemic 
influences.     Their  size  is  about  3  //.      They  are  especially  characterized 
bv  an  extraordinary  adhesiveness  wliich  inclines  them  to  form  masses  or 
** clusters."     This  makes  it  very  difficult  to  separate  the  blo(Kl-platelets 
from  the  other  formed  elements,  and  renders  accurate  counting  of  them 
almost  impossible.     The  employment  of  the  ordinary'  apparatus  used  in 
the  counting  of  blood-corpuscles  is  decidedly  unsatisfactory,   since  the 
platelets  adhere  to  its  walls.      Previous  investigators — e,  7.,  Bizzozero — 
endeavored  to  counteract   this  obstacle  by  employing  a  sjiecial  diluting 
fluid    which    would    prevent   the  running  together  of  the  platelets,  but 
this  did   not  prevent   them  adhering  to  the  wall  of  the  capillary  tube 
of  the  mixing  apparatus  in  considerable  numbers. 

»  Charite-Annalcriy  1888. 
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Brodie  and  Russell  recently  proposed  a  new  mixture  in  which  the 
platelets  remain  isolated  and  are  at  the  same  time  stained.  The  blood 
drop  is  allowed  to  issuj  from  the  wound  into  a  drop  of  the  sohition, 
and  they  estimate  the  number  of  platelets  from  their  relation  to  the  red 
blood-corpuscles.  * 

Their  solution  consists  of :  dahlia-glycerin,  2  per  cent  salt  solution, 
equal  parts. 

Anotlier  method  advocated  by  the  majority  of  recent  investigators  is 
their  relative  estimation  in  stained  preparations.  In  prejmrations  treated 
by  the  iodin-cosiu  method  (see  p.  46)  Ehrlich  found  that,  corresponding 
to  their  high  alkalinity,  the  blood -platelets  become  conspicuous  by  their 
intense  red  stain  and  are  consi'quently  readily  estimated.  Much  less 
practical  and  by  no  means  more  accurate  is  Rabl's  new  method,  based 
on  the  stJiiu  with  iron  hematoxlin,  proposed  by  M.  Heidenhain  for  the 
demonstration  of  centrosomcs.  A  procedure  advocated  by  Dr.  Rosin, 
but  not  yet  published,  is  more  practical.  This  consists  in  fixing  the 
dry  preparation  for  twenty  minutes  in  osmic  acid  fumes,  and  staining  it 
in  a  conccntrateil  watery  methylene-blue  solution. 

As  to  the  significance  of  the  blood-platelets,  the  majority  of  authori- 
ties, among  whom  Hayem,  Bizzozero,  and  Laker,  may  be  especially 
mentioned,  assumed  that  they  are  preformed  in  the  living  blood.  The 
opposite  view,  advocated  particularly  by  Lowit,  that  they  arise  only 
after  the  blood  has  been  removed  from  the  vessels,  is  not  supported  by 
the  writer's  observations. 

On  account  of  their  small  size  and  the  entire  absence  of  nuclear 
substances  the  blood-platelets  are  not  generally  regarded  as  actual  cells. 
Yet  w^hether  they  represent  intravital  sepjirations  of  plasma  bodies  or 
are  excreted  from  the  cells,  has  not  been  determined,  even  though  many 
circumstances  appear  to  support  the  latter  assumption.  The  fact  that 
they  contain  glycogen  (see  p.  45)  seems  especially  to  diaracterize  them 
as  derivatives  of  the  blood-cells.  Moreover,  in  stained  prejwrations 
forms  are  frequently  seen  which  would  arouse  the  suspicion  that  the 
blood-platelets  came  from  the  red  blood-corpuscles  (Koj)ix»).  Finally 
Arnold  observed  in  the  mesentery  of  young  guinea-pigs  not  only  extni- 
vascularly  but  also  intnivascularly  a  deavajre  of  the  red  blocnl-cor- 
puscl(*s,  with  transformation  of  the  sej>arate<l  elements  into  hemoglobin- 
free  forms. 

*  The  physiologic  niiinWrs  found  by  Rnxlie  and  Knssoll  by  this  method  excectl  oon- 
Hidenihly  those  of  previous  invistipitors.  They  foinid  a  ratio  of  platelets  to  erythro- 
cytes of  1 :  85  or  an  absolute  number  of  about  035,000  per  c.mm. 
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[Deepen  ^  has  published  an  important  article  in  which  he  claims  the 
independent  nature  of  the  plaques.  His  method  of  examining  the 
fresh  blood  is  an  important  part  of  his  article.  A  solution  of  agar  is 
prepared  by  dissolving  5  grams  of  agar  in  500  c.c.  of  distilled  water 
and  boiling  for  half  an  hour.  The  liquid  is  filtered  hot;  and  to  each 
100  C.C.  of  it  are  added  0.6  gram  of  common  salt  (NaCl)  and  6  to 
8  C.C.  of  a  10  per  cent,  solution  of  NaPOj.  The  last  solution  must  be 
prepared  without  heat.  Then  5  c.c.  of  a  10  per  cent,  solution  of 
K^PO^  are  added.  A*  small  amount  of  this  agar  is  put  on  a  glass 
slide  and  allowed  to  cool.  A  small  central  depression  is  scooped  out 
and  a  drop  of  blood  is  placed  in  this,  covered  with  a  cover-glass,  and 
examined  at  40°  C.  In  such  a  cell  the  movements  of  the  corpuscles 
are  retained  for  a  considerable  time.  The  specimen  may  be  fixed  by 
allowing  Flemming's  solution  or  osmic  acid  to  run  under  the  cover-glass. 
He  found  that  in  such  preparations  the  blood-plaques  are  round  or  oval 
discs,  but  also  showed  ameboid  movements.  At  the  height  of  the 
movements  an  inner,  highly  refractive,  greenish  portion,  and  an  outer, 
clearer  portion,  from  which  pseudopods  are  projected,  can  be  distin- 
guished. Deetjen  concludes  that  the  blood-plaques  are  distinct  forma- 
tions with  nucleus  and  ameboid  movements. 

By  various  staining  methods  he  was  able  to  differentiate  what  he 
considered  the  nucleus  from  the  surrounding  protoplasm,  though  he 
thought  it  difficult  to  determine  whether  this  is  a  true  nucleus  or  a 
massing  of  chromatin.  He  describes  certain  changes  which  he  regarded 
as  degenerative  and  necrotic  alterations. 

A  number  of  authors,  including  Engle,  Maximow,  and  Pappen- 
heim,  have  concluded  from  their  investigations  that  the  plaques  are 
derivatives  of  the  red  corpuscles,  being,  in  fact,  extruded  "  inner-bodies  " 
or  remnants  of  the  nucleus.  Arnold  regards  them  as  simple  frag- 
mented portions  or  separated  buds  of  red  a»lls,  a  conclusion  which 
agrees  with  the  author's  own  observations.  On  the  other  hand, 
De  Khuyzen,*  using  a  different  method,  agrees  substantially  with 
Deetjen,  as  do  also  Kopsch,^  Argutinsky,*  Morawitz,*  and  Dorendorf 
and  Hamel.* 

Wlassow  and  Sepp,^  however,  oppose  the  conclusions  of  Deetjen 
r^arding  the  blood-plaques.  They  deny  that  these  structures  contain  a 
nucleus,  and  refer  the  appearances  recorded  by  Deetjen  to  the  action  of 

'  Virthofv^s  Archiv,  Bd.  clxiv.,  p.  239.  ^  Analnm.  Ameiger^  1901,  Bd.  xviiL 

» Ihid,  ♦  Ibid,  *  Deutseh,  Archiv.  f.  klin,  Med.,  1904,  Bd.  Ixxix. 

*  Munch,  med.  WorherMchr.,  Nov.  12,  1901. 

^  CentralbL/.  aUg.  Pathol,  u.  pathol.  Anal.,  1902,  xiii.,  12,  p.  465. 
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the  medium  in  whit^h  he  pn?i*crvod  the  corpuscles  and  made  hie  oljserva- 

tions. 

In  a  review  of  Deetjen^s  article  *  the  editor  expressed  the  view  that 
the  phenomena  obticrvcd  by  Dcetjcn  might  be  entirely  due  t-o  physical 
(xniditionsj  and  cited  his  own  experience  with  degenerative  changes  in 
red  corpuscles  and  amebiie.  Nat  rai'ely  small  i^pberical  bodie??  can  he 
broken  oif  from  the  parent  red  corpuscle  or  from  an  ameba  by  the 
effects  of  beat  or  ehemic  agents.  These  small  extruded  bodies  pre- 
sent the  features  seen  by  Deetjeu*  The  writer  s  own  view  lias  been  for 
a  long  time  that  the  red  corpuscles  are  the  souree  of  the  blood-plaques. 

Hirschfeld  ^  came  to  a  similar  conclusion  an  a  result  of  studies 
made  with  dried  preparations  of  blond, 

8^?liwalVK*  ^  Ixilieves  tliat  the  blood-plaques  originate  from  the  leuko- 
cytes  as  w^ell  as  from  the  erythrocytes* — Eb.] 

Onr  knowledge  of  the  i>hysiologic  function  of  the  blood -platelets  is 
likew^ise  very  incomplete.  The  original  view  of  Ha  vera,  that  they  were 
early  stages  of  the  red  blood-corpuscles,  on  account  of  which  he  desig- 
nated them  **  hematoblastgj"  is,  according  to  the  majority  of  hematolo- 
gists,  without  foundation. 

Almost  all  recent  works  (compare  Ijo wit's  view)  recognize  a  close 
relation  between  bUxwl-platelets  and  clotting.  This  was  first  noticed  by 
Bizzozero.  Whetlier  the  material  for  the  formation  of  fibrin  comes 
direi'tly  from  tlie  jilatclets,  as  Bizzozero  contends,  or  whether  the  plate- 
lets, corresponding  to  the  observations  of  Eberth  and  Schimmelbusch 
on  thrombosis,  play  only  an  intermediate  r6le,  has  not  been  determined. 
To  go  into  the  chemistry  of  this  eompliciited  prolilem  would  lead  us 
too  far,  and  tlie  writer  will  content  himself,  therefore,  with  presenting 
a  fevf  clinicid  observations  to  illustrate  the  relation  between  the  coagu- 
lability of  the  blood  and  the  number  of  platelets. 

Marked  increase  of  the  blood- platelets  is  found  especially  in  chlorosis 
(Muir)  and  |K>st-hemorrhagic  anemia  (Hayem),  In  both  conditions  the 
increased  coagulability  of  the  blood  is  pmnouncech  In  iN:vutrast  to  this 
there  is  the  important  observation  of  Denys,  who  fnmd  in  two  cases  of 
purpura  in  which  the  ci>agulalnlity  of  the  blood  Wiis  markedly  decreased, 
or  even  absent,  a  strikiui^  diminution  of  the  platelets  as  the  only  mor- 
phologic alteration  of  the  blood.  Ehrlich  also  had  the  opportunity  of 
examining  a  similar  case  in  which  the  blood -platelets  were  entirely 
absent. 

Blood-dust.^ — A  fonfth  formed  constituent  of  the  blood  was  described 

*  Pro(jrfs>irr  Mtdmne,  June,  1902.  '  Virtlwu^n  Arrhiv,  Bd.  clxvi,,  Heft  % 

•  H'tm.  klin.  llufidsehau^  1903,  xvli.,  9,  p.  157. 
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by  H.  F.  Miiller  and  designated  ^^  blood-dust."  These  particles  are 
found  in  the  plasma  of  the  blood,  and  are  very  small  granules  or  cooci- 
like,  colorless,  strongly  refractive  bodies  of  lively  molecular  movement, 
which  persist  for  a  long  time  without  any  special  precautions  in  the 
examination.  According  to  Miiller,  they  do  not  stain  with  osmic  acid, 
and,  therefore,  probably  contain  no  fat.  They  appear  to  have  no  con- 
nection with  fibrin-formation,  since  they  always  occur  outside  the  fibrin 
net  Miiller  found  them  in  every  normal  blood,  though  in  varying  • 
numbers.  They  were  markedly  increased,  among  other  conditions,  in  a 
case  of  Addison's  disease,  and  decreased  in  starvation  and  in  cachexias. 

[Stokes  and  Wegeforth '  and  Nicholls  ^  concluded  from  investigation 
that  these  bodies  are  extruded  granules  of  leukocytes,  as  did  also 
Horder.*  Tiirk  has  recently  *  expressed  the  same  view.  Others  have 
conjectured  that  they  represent  d^eneration-products  of  either  the 
white  or  red  corpuscles. — Ed.]. 

Douglas  and  Hardy  *  have  studied  the  character  of  the  white  cor- 
puscles in  the  blood,  and  refisr  to  50  cases  of  bilharzia,  finding  that 
(1)  the  percentage  of  coarse-grained  eosinophile  leukocytes  is  nearly 
always  much  above  the  average  found  in  the  normal  blood ;  (2)  that 
this  increase  is  proportioned  to  the  diminution  of  the  polymorphonuclear 
cells ;  (3)  that  there  is  less  frequently  an  increase  in  the  mononuclear 
leukocytes  corresponding  in  such  cases  to  a  diminution  of  lymphocytes. 
The  leukocytes  of  the  urine  are  coarse-grained  eosinophiles  in  a  very 
large  proportion,  the  remainder  being  almost  all  polymorphonuclear 
and  lymphocytes,  and  large  mononuclear  cells  being  very  uncommon. 

Further  investigations  are  necessary  to  determine  their  chemic  nature, 
especially  extraction  experiments  with  ether,  the  employment  of  fat- 
staining  substances,  as  alkanna  and  sudan,  and  comparative  examinations 
of  lipemic  blood. 

^  Johns  Hofki'M  Ho9p,  BuU.,  Dec,  1897.  «  PhUa,  Med,  Jour.,  Feb.  26,  1898. 

»  Lcmeet,  Oct  14,  1899.  *  VerUumngen  iiber  Hamatohgie,  1904. 

*  Lancet,  Oct.  10,  1903. 
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Clinical  Features  of  Anemia. 


INTRODUCTION. 

In  order  to  obtain  a  general  grasp  of  anemia  we  must  recur  to  the 
definition  proposed  at  the  beginnings  which  designated  it  as  ^'  a  quanti- 
tative or  qualitative  diminution  in  the  amount  of  blood." 

In  addition  to  a  physiologic  capability  of  alteration  which  is  not 
slight^  the  blood  possesses  an  extraordinary  power  of  preserving  its 
normal  composition.  It  compensates  not  only  for  the  very  fine  altera- 
tions in  its  composition,  not  appreciable  to  our  senses,  which  it  is  con- 
tinually experiencing  in  its  ceaseless  changing  relations  to  the  organs, 
but  is  also  capable  of  withstanding  to  a  surprising  degree  many  coarse 
influences,  as,  for  instance,  many  experiments.  Foreign  bodies,  the 
smallest  particles  of  coloring- matter,  bacteria,  etc.,  are  excreted  from 
the  circulation  as  rapidly  as  they  can  be  introduced.  Even  chemic 
foreign  substances  or  abnormal  amounts  of  normal  constituents  intro- 
duced into  the  blood  are  usually  so  quickly  excreted  that  after  a  few 
circulatory  cycles  no  trace  of  the  interference  is  percetible. 

Just  as  in  these  experiments,  the  blood  preserves  its  normal  com- 
position under  the  influence  of  numerous  factors  which  affect  the  organ- 
ism in  general  or  the  blood  in  particular.  Severe  diseases  of  vitally 
important  organs  may  run  a  regular  course  without  any  recognizable 
alteration  in  the  blood.  Moreover,  there  may  l>e  frequently  repeated 
slight  losses  of  blood  without  even  a  transitory  abnormality  becoming 
evident. 

This  power  of  resistance  naturally  has  its  limits,  both  in  regard  to 
the  kind  as  well  as  to  the  duration  and  the  intensity  of  the  inimical 
influence,  since  the  continuance  of  the  normal  composition  depends  on 
constancy  of  the  relation  between  blood  formation  and  blood  destruc- 
tion. A  decrease  in  the  blood  formation  without  a  corresponding 
diminution  in  blood  destruction  must  produce  a  disparity,  just  as  an 
increased  destruction  without  a  progressive  new  formation.  Therefore, 
all  conditions  which  act  unfavorably  cither  nuHliately  or  immediately  on 
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the  destructioD  r>r  new  forniatioii  of  1>kKHl  are  t^apiible  of  IetiH.'nit^ 
amount  of  hluod — i,  *,,  of  produi'iug  aiiemiiu 

The  newfonnaUon  of  blood — i,  «.,  the  physiologic  replacement  of  I 
blood  de>rt roved  by  functional  activity — is  still  very  inadequately 
understond  as  to  its  true  nature  and  its  dependence  on  external  influ- 
ences* Nevertheless  we  are  untloubttHlly  jus  tilled  in  assuming  that  a 
normal  formation  of  blood  is  pjssible  only  (1)  when  the  blood-making 
organs,  especially  the  Imne-murrow,  are  healthy  ;  (2)  when  the  material 
necessitry  fur  its  manufacture  is  liuantitatively  and  qualitatively  sufficient. 

One,  thei^fore,  finds  anomalies  of  the  blood  when  the  hematopoietic 
system  is  diseased  or  when  as  a  result,  for  instance^  of  inanition,  the 
material  for  the  formation  of  new  blood  is  decreased  or  poor  in  quality 
("  hypc>plastic  form  of  anemia/*  Inmiermann)* 

IncreaM'd  desirmihu  of  blood  is  directly  produced  by  hemorrhage, 
indirectly  by  an  increase  in  the  physiologic  consumption  of  tlie  blood- 
tissue  or  l)y  jiathologie  pmcesses,  csjieeially  the  abnormal  excretion  of 
alburainon*!  material — 1\  rj.^  in  siippuratioUj  albuminuria^  etc,  ("  con- 
auraptive  form  of  anemia,"  Im merman n). 

It  is  evident  that  this  theoretic  division  can  not  be  preserved  in  oon- 
cretc  cases,  giint^e  bhiod  consumption  and  blood  replacement  necessarily 
influence  one  another  very  closely.  In  the  majority  of  anemic  condi- 
tions, therefore,  we  see  a  combined  disturbance  of  both  these  functions 
('*  complex  anemia,"  Immermann). 

Though  thi.s  classitication  is  valuable  in  general  jiathology,  it  is  not 
available  for  the  special  study  of  anemic  conditions.  The  great  fre- 
quency and  |>olyform  character  of  atieniias  make  the  problem  of  classi- 
fication extremely  diflieult,  es|>ceially  since,  in  sc'veral  ven'  impi>rtant 
points,  our  knowledge  is  incomplete.  Looking  through  the  numerous 
recent  text-books  and  manuals  on  anemi;!,  we  can  scaircely  find  two 
which  agre«^  in  their  definition  of  intlividaal  forms.  Moreover,  it  is  m 
absolutely  impossible  to  nuike  an  etiologie  classification  on  the  basis  of  ^ 
our  present  knowle<Ige  without  separating  forms  that  naturally  belong 
together  and  combining  very  difTerent  forms  under  the  one  head. 

The  most  frequently  employed  classification  is  into  primary  or  idio- 
jmthie,  secondary  or  symptcmiatie  anemias.  This  includes  chlorosis 
and  prf>gressive  pernicious  anemia  in  the  first,  all  other  conditionB  in  the 
second.  Still  in  this  classifieatii»n  the  imjiortant  bothrio(*cphahis  anemia 
is  omitted  becjuise,  according  to  the  principle  of  classification,  it  should 
be  reckoned  among  the  secondary,  while  according  to  its  chief  charac- 
teristics  it  belongs  among  the  so-called  |M^rnicious  anemias.  It  is,  more- 
over,  evident   that   **  j^rnicious   anemia'*    has   been  given   this  special 
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place  only  becaase  its  cause  is  UDknown.  Therefore,  whether  it  is 
eventoally  referred  to  blood  or  intestinal  parasites  or  purely  toxic  influ- 
enoesy  its  designation  ^^  primary  idiopathic ''  anemia  will  be  untenable 
(see  Part  I.,  p.  44). 

We  must,  therefore,  for  the  present,  hesitate,  and  abandoning  a  causal 

classification,  separate  the  difiPerent  forms  of  anemia  according  to  the 

pectiliarities  which  they  manifest  in  relation   to  the  normal  anatomy 

and    physiology  of  the  blood.     On  this  principle  the  following  classifi- 

cati<:»n  is  made : 

Simple  anemia : 

Acute  post-hemorrhagic  anemia ; 
Simple  chronic  anemia ; 
Chlorosis.* 
I^rogressive  pernicious  anemia. 

^  That  chlorosis  has  a  special  position  among  the  anemias  is  evident  from  the  £ftct 
tb&t  a  special  discussion  is  devoted  to  it  in  this  volmne  hj  v.  Noorden. 


SIMPLE  ANEMIA, 


ACUTE  POST-HEHORRHAGIC  ANEMIA- 

Acute  fK)i5t-hemorrhagie  anemia  makes  a  very  appnipriate  introduc- 
tioo  to  a  cUstiussion  of  anemic  conditioas.  In  the  first  placje,  its  manner 
of  origin  h  the  clearest.  Seeondly^  we  see  in  it  all  the  im]x^rtant 
changes  both  uf  the  bl(»od  and  the  other  organs  which  appear  as  the 
anemic  reiietinii  of  the  organism.  Finally,  it  offers  a  more  favorable 
opjMirtunity  than  any  other  iurni  of  anemia  of  answering  the  confuting 
qiiestiinis  by  exact  ex|>crimcnts  on  animals  and  frtHjuently  on  man — e,  7,, 
nfter  venesect  ion. 

Among  the  acute  post-hem orrhagic  anemias  may  be  reckoned  all 
alterations  which  arc  pr^Kluced  by  a  loss  of  blootl  in  a  relatively  short 
time — ^that  is,  from  a  few  niiuiites  to  several  days. 


THE  ORIGIN  OF  ACUTE  POSTHEMORRHAGIC  ANEMIA. 

An  entii'ely  nnet>mpiicate<l  form  of  acute  anemia  wenrs  when  a 
healthy  individual  suffers  an  external  loss  of  bi^Kxl  by  trauma.  Certain 
differences  in  the  primary  symphnns^  iu  the  ct^nrse,  iti  the  diagnosis, 
and  thenipy,  are  evident  wlien  the  hcrunrrliage  occurs  internally  int^i 
a  body  eavity»  especially  if  the  individual  was  in  an  abnormal  or  path- 
ologic eonditirin  before  the  liemon^hagc.  Still,  these  differences  are  too 
slight  to  retjuire  a  suljclassifieation,  and  it  will  be  sufficient  here  and 
there  to  draw  attention  tn  them. 

Wounds  of  large  vessels  aceomjianirxl  by  a  severe  loss  of  blood  may 
occur  in  accidents  of  every  kind  as  well  as  in  operations.  Since  they  are 
so  difficult  to  recognize  it  is  worth  while  to  mention  those  wounds  that 
are  nnassociated  with  injury  of  the  integument — -such,  for  example*  as 
the  tearing  asunder  of  hirge  trunks  in  tlie  extremities,  the  rupture  and 
tearing  of  vessels  in  the  large  alxloniinal  f>rgans,  esi>ecially  the  liver, 
spleen,  and  kidneys. 

The  abnormal — that  i>,  [lathologic — tvondititms  of  tlie  organism  in 
which  severe  spontaneous  tiemorrhages  frequently  occur  are  :  1,  abortion 
and  the  puerperium  ;  2,  tubular  pregnancy  with  rupture  of  the  tube ; 
3,  tumors  of  the  uterus ;  4,  ulcus  veutriculi,  dutHleni  ;  5,  typhoid 
fever  ;  r>,  carcinoma  veutriculij  intestini,  hepatis ;  7,  hemoptysis  from 
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^berculosis  pulmonum ;  8,  heinoptysls  from  disease:?  of  the  circulatoiy 
^pparatusj  especially  aneurysms  ;  9,  varicose  veins  of  the  lower  extremi- 
ties, more  rarely  of  otlier  places — 1%  g.^  esophagusj  hemorrboids;  10, 
^pistaxis;  11,  hemorrhagic  pancreatitis;  12jall  constitutional  anomaUea 
belonging  to  the  group  of  hemorrhagic  diatheses,' 

The  size  of  the  hemorrhage  and  the  severity  of  the  cronsequent 
symptoms  depend  on  the  cause  of  the  hemoiThage. 

Small  hemorrhages  from,  for  instance^  epistaxis,  normal  menstrua* 
tion,  small  wounds,  prtHliice  no  cliuiailly  evident  alteration  in  the  com- 
position of  the  blood.  At  the  same  time^  however^  psychic  influences 
may  caase  miirked  abnormalilias  in  the  distribution  of  the  blood  in  the 
shape  of  a  local  anemia  of  the  skin  or  of  the  braio,  manifested  by 
iatestie  pallor  or  vertigo,  and  these  may  occasion  confusion  with  true 
general  anemia.  The  short  dumtiouj  however,  prevents  errors  in 
diagnosis. 

Moreover,  it  is  known  from  venesection  experiments  that  the  loss  of 
€Ven  a  small  quantity  (50  to  70  c.c.)  causes  a  deterioration  in  quality 
(see  below)  of  the  healthy  hloml ;  in  otlier  w^ords,  in  a  strict  sense  pro- 
duces an  anemia.  Xatu rally  the  larger  the  hemorrhage  the  greater  and 
more  varied  are  the  pathologic  changes-  The  rapidity  of  the  hemor- 
rhage IS  likewise  of  no  little  influence,  for  it  is  very  evident  tliat  con- 
glderable  difference  would  be  manifest,  depending  on  whether  the  same 
amount  of  blood  was  lost  within  several  minutes  or  seveml  days. 

Large  peracute  hemorrhages  are  accuoipimie<l  by  a  series  of  general 
and  localized  disturbances  which  may  be  briefly  dascribed  as  follows  : 

The  symptom  invariably  appearing  first  is  a  marked  pallor  of  the 
^kin^  the  lips,  and  the  conjunctiva*,  which  frequently  reaches  a  very  high 
grade.  Corresponding  to  the  pallor,  the  body,  especially  the  extremi- 
tifs,  feels  cchjI.  In  persons  who  are  not  robust,  this  first  stage  is  also 
accompaniefl  by  psylicic  disturbances  (see  below)  in  the  shape  of 
vertigo,  fainting,  and  marked  subjective  weakness.  A  symptom  that  may 
appear  immediately  after  the  pallor,  even  in  j>ersons  who  are  not  alarmed 
or  those  who  have  failed  to  notic^e  the  hemorrhage  (e.  ^.,  in  l)attle) 
is  an  unconquerable  w^eakness  which  deprives  the  patient  of  muscular 
power  and  forces  him  to  be  completely  passive.  The  general  weak- 
tie^  then  becomes  evident  in  tremor  on  voluntary  movement,  and 
feebleness  of  the  voice.  If  the  loss  of  blood  continues,  flashes  of  light, 
ringing  in  the  ears^  hallucinations  of  smell,  and  fetdings  of  anxiety 
arise.     A  profuse  cold  sweat  breaks  out  and  tlie  secretion  of  urine  is 

'  The  Qfigin  of  acute  po«t*henmrrbii^ic  nnemb.  bj  destruction  of  the  red  blo«d-cop- 
ms^  wilhtn  the  circuLilioD  will  be  dbicuaaed  in  the  section  on  Henioglobinemi&. 
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increaBed,  The  pulse  m  of  changing  frequency  aod  tension  ;  the  hSrF 
palpi taitcs  actively.  On  coutinuance  of  the  hemorrhngt;  the  heart 
weakens^  its  sounds  become  feebler  and  less  clear ;  the  pulse  sniaUer, 
less  frequent,  and  readily  coniprej^sible.  The  local  anemia  of  the  vital 
organs  becomes  evident  ;  anejiila  of  the  brain  is  shown  by  .singultus, 
nauseii,  vomitings  and  even  fainting.  The  syncopal  condition,  at  first 
of  short  duration,  alternating  with  waking,  gradually  becomes  deeper 
and  yields  only  transiently  to  a  sort  of  half-slumber,  during  which 
aphasia,  paraphasia,  and  delirium  set  in. 

The  defective  perfusion  of  the  lungs  with  blix)d  is  shown  by  a  marked 
dyspnea.  The  pulse  becomes  small  and  feeble  and  gradually  impal- 
pable. 

Later,  terminal  symptoms  develop  referable  to  the  loss  of  fluid. 
The  sweat  disappears,  the  skin  becomes  flabby  and  drj^,  the  eyes  luster-] 
less,    the    voice  almost    inaudible.     Fibrillary    muscular  contraction 
spasms  of  individual  mnscle-gronps,  of  single  extremities,  eventually 
general  convulsions,  occur.      If  the  pulse  is  8till   {^aljMible,  it  is  itermit- 
tent  and  less  frt^quent.     The  respiration  is  slowed  and  usually  superficial. 
The  body  feels  cold,  and  the   thermometer  shows,  even    in   the  lx>dy 
cavities,  less  than  32°  F.     The  jxillor  of  tJie  skin  change  to  an  asbea^ 
yellow.     Death  is  at  hand.  ^ 

The  hemorrliagc  may  cease  at  any  stage,  either  sjiontaneously  or 
artificially.  Under  these  circumstances  the  further  course,  the  possi- 
bility of  rec'overy,  and  the  duration  of  convalescence  depend  on  the 
amount  of  blond  lost.  Still  there  are  limits  beyond  which  the  hemor-  ■ 
rhage  is  neces!*iirily  directly  fiital  even  when  it  has  been  checked  before 
death  has  actually  occurretl.  Moreover,  though  these  statements  are 
only  approximate,  it  may  be  affirmed  witli  certainty  that  an  adult  will 
not  recover  from  the  loss  at  one  time  of  more  than  half  his  entire  blood 
(Panum),  The  results  of  the  numen>us  experiments  on  animals  (see 
later)  (Feis,  Maydl)  in  reganl  to  this  point  can  not  be  immediately 
applied  to  man  because  diflerent  species  of  animals  show  very  diflTerent 
powers  of  resistance  to  hemorrhage.  General  experience  would  seem 
to  show,  however,  that  man  can  stand  the  loss  of  a  greater  f>ereentage 
of  blood  than  the  majority  of  exj>erimental  animals.  If  the  hemorrhage 
is  checked  before  a  fatal  amount  is  lost,  the  jiatient  is  yet  in  great  danger 
during  the  days  immediately  following.  The  disease-picture  is  then 
dominatetl  by  an  intense  weakness  which  may  make  the  slightest  active 
movement  impossible.  The  functions  of  almost  all  organs  are  depressetl, 
and  in  the  majority  of  cases  we  find  important  alterations  w^hieh  require 
a  separate,  more  accurate  description. 
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SYMPTOMATOIXXjY. 

Alterations  of  the  Blood  and  of  the  Bone-marrow. — 

Unterest  is  attracted  first  to  the  alterations  manifested  by  the  blood  as 
s  result  of  its  loss  in  quantity. 

As  mentioned  previously,  all  authorities  agree  that  there  is  an  im- 
mediate increase  in  the  watery  elements  of  the  blood  after  a  moderate 
hemorrhage — e.  g.,  50  to  100  c.c.  Following  slight  losses  of  blood, 
therefore,  there  is  no  diminution  of  the  amount  of  fluid  in  the  vessels ; 
in  other  words,  no  pure  oligemia.  Since  we  have  no  accurate  method  of 
making  such  observations,  it  can  not  yet  be  stated  with  certainty  whether 
the  amount  of  blood  is  diminished  for  any  considerable  time  even  after 
copious  hemorrhages.  After  violent,  immediately  fatal,  hemorrhages 
a  marked  diminution  of  the  amount  of  blood  naturally  occurs,  since 
the  replacement  of  fluid  from  the  tissues  naturally  requires  more  time 
than  the  actual  hemorrhage.  Such  cases,  therefore,  show  on  section 
extremely  small  amounts  of  blood  in  the  vessels. 

Following  slight  and  moderately  severe  hemorrhages  the  lost  blood 
is  so  rapidly  replaced  by  fluid  from  the  chyle  and  lymph- vessels  and 
the  tissues  that  the  eventual  difference  in  the  amount  of  blood  bears 
no  relation  to  the  severity  of  the  hemorrhage. 

This  replacement  of  the  fluid  by  other  tissue-juices  necessarily  leads 
to  considerable  qualitative  alterations  of  the  blood.  The  most  con- 
spicuous of  these  is  the  increase  in  the  quantity  of  water  in  the  blood, 
the  hydremia.  This  is  demonstrable  by  the  specific  gravity,  the  quan- 
tity of  dried  substance,  and  the  percentage  by  volume  of  red  blood-cor- 
puscles, and  it  is  the  more  marked  the  greater  the  hemorrhage. 

According  to  Herz,  v.  Jaksch,  Dunin,  this  increase  in  water  affects 
especially  the  red  blood-corpuscles,  while  the  serum  is  comparatively 
little  altered  in  its  composition.  E.  Grawitz  and  Hammerschlag,  on 
the  contrary,  refer  the  hydremia  of  the  blood  in  iK)st-hemorrhagic  con- 
ditions, particularly  to  an  increase  of  water  in  the  serum. 

The  investigations  of  M.  Herz  especially  tend  to  show  an  increase 
of  water  in  the  red  blood-corpuscles,  and  it  was  in  cases  of  post-hem- 
orrhagic  anemia  that  he  first  described  the  "  acute  swelling  of  the  blood- 
discs."  He  found,  for  instance,  in  one  case  of  hematemesis  seven  to 
ten  hours  after  the  hemorrhage,  900,000  red  blood-corpuscles  (instead 
of  the  normal  4,500,000),  and  their  percentage  volume  (estimated  by 
the  hematocrit)  28  per  cent,  (instead  of  the  normal  40  to  50  per  cent.). 
From  this  Herz  reckoned  that  the  average  volume  of  the  individual 
corpuscles,  which  normally  amounts  to  800  to  1000  (sc.  i  o  o  0  0  0  (nnnrTF 
cm.),  had  increased  to  3069. 
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Tliii?  ob^-erviUion  cnn  h'  explnined  only  bv  assimiing 
cells  were  markedly  swiJleu  by  tbe  taking  up  uf  water. 


tbat  the  bl 


The  further  rourse  of  this  case  is  remarkable-  Nioe  days  later  the 
Dumber  of  red  bloiKl-curpy^lt's  waii  1,040,000,  th*?  entire  volume  12  per 
cenl.T  when  the  average  vcilmne  of  the  iiidivi<hial  eelb  would  be  10*3o. 
This  result,  therefore,  iiidicate.H  that  a  iiWelliBg  sliU  existed  eveu  though  the 
numbers  were  much  ueiirer  uurnml,  ^M 

The  nuiterial  at  hand  eoncerning  the  diminution  in  tbe  nomber  of 
blood-corpuscks  and  in  tbe  absolute  and  relative  amount  of  hemoglobin 

is  inueli  rieher.  A  mathematieal  ratio  between  this  t|yalitative  diminu- 
tion and  tbe  amount  of  bluod  h>st  e^ui  not  be  cxpcM^ted,  ns  is  evident 
from  Vierrmlt's  animal  experiments,  in  whieli  the  diminution  in  the 
Dundjer  of  lihiod-eorpusele.*^  was  rebitively  le?^s  the  greater  the  lns,s  of 
blood.  Still,  these  figures  represent  the  most  accurate  e.xpression  of  tlie 
existing  alterations. 

The  following  example  (F,  A.  Hoffmann)  of  a  pretty  oopious  vene- 
sectiou  may  aet  as  an  introduction  to  the  writer's  remarks :  425  gm. 
of  blood  were  taken  from  a  robust  tnan  of  84.46  kg.  weight  with 
5,219,000  red  blood-corpuscles  per  c.mm.  and  15.14  hemoglobin  per 
100  gm.  blood.  One-half  hour  later  die  rjutnljer  of  blood-eorpuf^cles  was 
4,762,000,  tbe  hemoglobin  13.63  ;  one  day  kiter,  4,081,000  and  13.4L 
If  the  hlood  is  reckone<l  as  one'tbirteentb  part  of  tbe  body  weight,  6  f 
per  cent  of  tbe  entire  amount  of  blocKl  was  withdrawn ,  yet  the  diminu- 
tion of  the  corpuscles  and  tbe  hemoglobin  amounted  after  half  an  hour  to 
ak>ut  10  per  cent.,  and  the  next  day  to  even  more.  We  can  naturally 
only  conclude  that  the  amount  of  blood  lost  was  measured  exactly,  and 
that  the  other  figures,  therefore  fluctuate  within  more  or  less  w^ide 
limits. 

[Rc^garding  the  dilution  of  the  blood  consequent  upon  hemorrhage 
the  editor  quotes  the  following  from  his  discuasion  of  the  subject;*         H 

"  Liquid  is  in  some  way  absfirbnl  by  the  blood,  and  the  ready 
explanation  that  the  vessels  are  fdleil  by  the  juices  of  the  various 
tissues  is  at  hand,  Tliere  is  not,  however,  a  mere  dilution  with  water, 
as  ehemic  analyses  readily  demonstrate.  For  example  I  woidd  quote 
the  following  experiment : 


**  A  small  dug  weiLdiing  16  kilos,  wns  bled  from  the  jufjidar  vein,  one- 
third  of  bis  total  blood  (estinuiting  the  total  c)uantity  nt  one-thirteenth  of  the 
hotly  weight  J  being  removed.  Bef<ire  the  ex|>erinient  the  following  values 
were  determined :  red  blood-corpuscles,  ti»90(MH)0  ■  whit^*  bltMHl-eorpuscles, 
42,000  ;  specific  gravity  of  hlood,  1095.9  ;  specitie  gravit)'  of  serum^  1022.8; 

*  Jou)\  Amtr,  Med.  Aksoc.^  July  24,  1897, 
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dnr  residue  of  blocKl,  23.2  |ier  cent.  ;  tlry  resitlue  i>f  serurii,  7.4  {ler  cent. 
Ten  minult^  after  the  l>leeiJiiig»  sniall  tiuautities  were  Ukeu  for  examinatioa 
•od  ibe  faUowioir  results  obtained  i  red  bltxMl-i^orpuseles,  ti, til 0,000;  white 
l)Ju«J.corpui*ele4?,  U);600  ;  spetnhc  gravity  of  bloud,  1055,0;  B|K.*dtic  gravity 
of  serum,  1022,0  ;  dry  re^^idue  of  bhK>d,  21. 0  i>er  ceuL  ;  dry  residue  of 
*rum,  6.9  per  cent 

**  It  frill  be  noted  that  there  was  no  immediate  change  in  the  i^uantity 
of  b!oo<l ;  at  least  no  inking  rhunge.  Seven  hours  afler  the  bleediug  the 
WJuwiiig  figures  were  obtained:  red  ldood-eorpnt>ieles,  2,tjl5»000;  white 
Wo<Ki-<'orpusi*les,  20,600. 

**  Cheraic  analyses  were  tjot  nnide  at  this  time,  but  were  carried  out  at 
^  next  exaniiuation»  Ibrty-eight  hours  after  the  original  bleeding.  The 
■Jtttiial  waj*  aguiu  etbi^nxed  and  blood  removed  from  the  feuiorai  vein  :  red 
WftcHj-corpuscles,  :?,100,000;  white  bloud-corpuseles,  20,000  ;  iiptrific  gravity 
^  bloo<l,  1046 J;  specific  gravity  of  serum,  1022.1  ;  dry  re.sidue  of  bloo(l, 
^^-*47  per  cent.  ;  dry  residue  of  serum,  7.4, 

•*From  the  aimilurity  in  the  hlood-cotiot  ut  this  aud  the  previous  exami- 
flttt^ion,  the  writer  aj^ume^  that  the  dry  residue  of  the  blood  and  serum 
'''t^i^ld  have  been  found  firaetically  the  same  at  the  previous  examination. 
It  i«  evident  then  that  the  mas.'*  of  the  blood  is  swjon  diluted  after  henior- 
rha^ize,  aud  the  diluting  tlnid  \a  approxinnitely  the  same  in  density  aud 
p'"*>l>ahly  in  character  as  the  original  plasma.  This  is  shown  by  the  preser- 
^^-lion  of  the  normal  conditions  of  the  serum  while  the  total  blood  has  under- 
g<>ri«  diminution  in  weight  and  in  solid  residue. 

**The  manner  in  which  thii^  change  occurs  is  of  "^^ry  great  physiologic 

W^Wrest,  and   bears  important  relations  to  the  etiology  of  anemia.     Either 

iH^re  is  a  direct  transfer  of  the  liquids  of  the  liody  to  the  vascular  system 

'•trough  the  walls  of  the  vessels,  and  a  depletion  therefore  of  the  general 

system  in  favor  of  the  blood,  or  there  are  active  secretory  proceiii>es  aliecting 

^e  veflMlSt  aceording  to  the  theory  of  Heidenhain/'— Ed.] 


That    the   arauunt    of  hemoglobin    and   the  number  of  corpuscles 
Jmched  their  law^est  figure  not  immediately  after  the  heniorrbago,  but 
only  some  time  later,  is  an   observation   that   has  been   frequently  con- 
firmed, and  ibis  decrease  continues  longer  aiul  reaches  lower  figures  the 
laz*ger  the  hemorrhage.     The  reason  for  this  is  clear.     The  increase  of 
corpuscles  and  fluid  from  the  tissues  takes  place  gradually  ;  the  thinning 
of  the  bloody  therefore,  pn^gressess   for  a   long  time  ai'ter  the  hemor- 
rinige,  producing  a  further  decrease  in  the  relative  numbers.     In  addi- 
tion   to    this,  acconJing  to    Ehrlicb»  the    hydremia    produces    a  rapid 
destniction  of  the  least  resistant  erythrocyte,^. 

Practical  and  accurate*  methods  liave  enaldetl  the  writer  to  estimate 
the  limits  to  which  the  perw^utage  of  henioglobin  and  nimd>er  <»f  cor- 
puscles may  sink  withtuit  proving  fatid.  Vicrordt  aifirnie<l  after  experi- 
meoLs  on  animals  that  a  decrease  in  tlie  unmljcr  of  curpusid*^  to  50  per 
cent,  was  fatal,  but  this  has  been  proved  false  in  animals  (Buutzen, 
Giirl)er),  and  even  more  in  man.  Laache  described  several  cases  where 
the  number  of  corpuscles  sank  below  50  per  cent.,  and  one  especially 


160 


SIMPLE  ANEMIA . 


in  whicli  the  miraber  was  only  32  per  cent,  of  the  normal  B^hier 
obftyervetl  atW  u  metrorrliagia  a  diminution  to  19  percent.,  with  com- 
plete reooverv.  The  lowest  percentage  with  reoiwcry  in  uti  acute 
anemia  was  observetJ  by  Hay  em  in  the  case  of  a  woman  %vho  had  two 
severe  puerperal  hemorrhages  within  t?ix  days,  and  manifested  fifteen 
hours  after  the  second  hemorrhage  a  diminotion  in  the  blood-corpuscles 
to  about  1 1  per  cent,  of  the  normal. 

The  profjrt'm  of  remtcrtf  is  also  most  e%'ident  from  the  jx^reentagc  of 
hemoglobin  aud  the  number  of  red  blood -corpuscles.  An  a  rule  they 
reach  their  lowest  mark  one  to  three  days  after  the  hem<Trrhage,  thougli 
sometimes  somewhat  later,  up  to  seven  days,  Siegl  and  Maydl  observed 
the  minimum  after  severe  hemi>rrhages  l>etwecn  the  fifth  and  eleventh 
day.  The  percentage  of  hem oglnljin  experiences  a  greater  decrease  than 
that  of  the  red  blo<xl-eorpuscles.  Moreover^  in  recuperation  the  two 
di)  nut  run  iiarallel,  but  the  former  lag?^  considerably  behind  the  latter. 
This  remarkable  plien<unenon,  for  wijicli  we  have  seen  an  analogy 
in  the  discussion  of  tlie  influence  of  altitude  on  hlm»d-fornmtion  (see 
page  22)j  may  be  expressed  in  other  words,  namely,  that  the  individual 
corpuscles  fail  to  obtain  tlieir  full  quota  of  liemoglubiu  during  this 
stage  of  restitution.  Tliis  is  [lartly  explaintH^I  by  the  fact  that  a  large 
number  of  eorpuscles  d<»  niat  attain  normal  size,  many  smaller  forms, 
even  micrttcytes  (see  l>elow),  being  almost  regularly  seen.  Still  this 
expliinatjuu  «liies  not  apply  to  all  cases,  sinc-e  microcytes  are  sometimes 
entirely  wanting  (Laache).  In  these  cases  we  must  assume  with 
Laache  that  the  corpuscles  discharged  by  the  blood-making  organs  are 
poorer  in  hemoglobin  tban  is  normal. 

Laaclie  has  shown  this  pheuonieiKXD  in  a  very  instructive  curve  f  see  Fig. 
o).  This  is  ihmi  a  case  of  Sfvere  aueniia  produced  by  a  complicated  fract- 
ure of  the  lej:^  iu  a  previously  healthy  six  teen -year  old  pirL  The  narrow 
line  showfi  the  ^'nidual  increase  iu  nuiuljer  of  red  bkiod 'Corpuscle!?  from 
1.400,000  to  the  normal  within  about  two  nionlhs.  The  hroiid  line  showa 
the  nundier  of  iiirpuseles  corres|>ondiug  to  the  amouut  of  lieiiioglohin  in 
et)niparij^jii  with  the  uorroak  On  December  IG,  for  insftauce»  5,20O»000  rfd 
hlwKJ -corpuscles  |»er  c.mm.  were  found,  but  these  were  so  deficient  iu  hemo- 
glol>iu  that  they  correspond  only  to  3^500,000  normal  blood-ct^rpuscles.  The 
elnhoratiou  of  hemoglobin,  therefore,  remained  coneiderahiy  behind  the  new 
formation  of  bllH)^l*corpuflcle8, 

Morphologic  alterations  in  the  blood-cells  are  likewise  noticeable 
after  an  acute  liemorrhage.  In  the  case  of  the  cr//Mroc//te,  ft)r  instance, 
normoblaBts  are  found  after  every  severe  hemorrhage,  from  the  second 
or  thinl  day  to  the  com]iletion  of  rcgencnitionj  providcil  the  blood  is 
eacamined  sufficiently  frequently,  namely,  once  or  twice  daily.     Usually 
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not  very  many  of  them  are  thrown  into  the  circulation,  so  that  they  are 
readily  overlooked  when  the  examination  is  hastily  or  not  regularly 
done.  Still  in  some  cases  which  can  not  be  otherwise  characterized, 
normoblasts  appear  in  such  uncommonly  large  numbers  that  one  is 
seen  in  every  field  of  the  stained  preparation ;  in  rare  cases  they  con- 
stitute even  a  considerable  portion  of  all  the  erythrocytes.  Since  the 
occurrence  of  normoblasts  is  a  transitory  phenomenon,  it  is  undoubtedly 
more  frequent  than  observation  would  indicate,  and  it  deserves  all  the 
significance  which  recent  writers  attribute  to  it  in  the  way  of  regenera- 
tion of  the  blood,  v.  Noorden  was  the  first  to  observe  that  a  consider- 
able increase  in  blood-corpuscles  immediately  followed  the  appearance 
of  numbers  of  erythroblasts  ("  blood  crisis/'  see  Plate  I.,  No.  1).  In 
rare  cases  of  traumatic  anemia  microblasts  also  appear  in  the  circu- 
lation. 

After  mild  and  moderately  severe  hemorrhages  a  polychromatophilia 
of  the  red  discs  is  apparent  within  the  first  twenty-four  hours,  which 
completely  disappears  after  a  longer  or  shorter  time  corresponding  to 
the  general  course  of  restoration.  This  occurrence  of  polychromato- 
philia in  acute  post-hemorrhagic  anemia  makes  it  probable  (Ehrlich) 
that  it  represents  a  degeneration  of  the  red  blood-corpuscles  produced 
by  the  altered  chemic  composition  of  the  blood.  Generally  the  indi- 
vidual corpuscles  show  no  noticeable  impoverishment  of  hemoglobin  ; 
pessary  forms  are  only  rarely  encountered  in  acute  conditions. 

Poikilocytes  and  microcytes,  which  may  also  appear  one  to  two  days 
after  the  hemorrhage,  are  frequently  met  in  large  numbers,  but  by  no 
means  regularly  (Laache). 

The  dimensions  of  the  red  blood-corpuscles  following  a  hemorrhage 
are  usually  greater,  and  are  shown  by  the  experiments  of  Erb,  Manas- 
sein,  and  Tschudnowsky.  This  "  acute  swelling  "  (Herz)  is  not  very 
evident  microscopically,  for  the  reason  that  the  enlargement  is  not  in 
the  flat  diameter,  yet  in  depth  they  are  undoubtedly  increased,  since  it 
requires  a  greater  number  of  turns  of  the  micrometer  screw  to  proceed 
from  the  top  to  the  bottom  of  the  concavity  of  the  corpuscle. 

The  while  blood-corpuscles  are  also  worth  noting  in  acute  anemia. 
In  the  majority  of  cases,  though  not  constantly,  we  observe  immediately 
after  the  hemorrhage  a  primarj'  relative  and  later  an  absolute  increase 
in  the  polynuclear  neutrophile  leukocytes.  Still,  no  rule  can  as  yet  be 
stated  in  re^rd  to  this  from  the  numerous  clinical  and  experimental 
investigations  of  Lyon,  Malassez,  Buntzen,  Vierordt,  Hiihnerfauth, 
Knmccker,  Erb,  and  Rieder.  All  grades  of  leukocytosis  are  found, 
from  an  evident  hypoleukiK»ytosis  to  such  a  marked  hyperleukocytosis 
11 
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that  a  hasty  glance  may  produce  the  impres&ion  of  a  leiikemb,  especi- 
ally when  nurmublast^  are  simultaneously  present. 

When  a  hyper]eiiko<.y  totals  occui^  during:  an  acute  anemia,  it  is  of 
short  duration,  and  usually  terminates  with  the  restoration  of  the  red 
blood-corpuscles  and  the  hemogluhin* 

lu  a  small  nurnher  of  cuses  tlie  proportion  of  the  difierent  white 
blood-corpu.scle-s  h  alteretl  in  favor  of  the  lymphucyte!^^  which  is  readily 
explained  by  the  increased  activity  of  the  lymph  circulatiun,  [In  one 
of  the  editor's  cases  the  differential  count  was  as  follows  :  Poly- 
morphonuclear, 43.f5  per  cent,  ;  lymphocytes,  27.1  p<T  cent, ;  diodo- 
nuclear,  16.4  per  cent.;  transitional,  10  per  e-ent.  ;  eijsinophile-s,  2<8 
per  cent,  Cabot  refers  to  a  case  in  which  tlie  lymphocytes  numliered 
69  jier  cent.,  ami  the  polymorphonuclear  only  28  per  cent. — Et>.] 

The  writer  had  tlic  opportunity  of  observing  in  one  patient,  who 
suffered  from  a  modemtely  severe  traumatic  hemorrhage  (wound  of  the 
liver),  an  exceptionid  and  remarkable  phen<unenon.  IVejmrations  made 
six  days  after  the  accident  showcH],  besides  a  pretty  marked  poikiU>- 
cytosts  and  isolated  normoblasts,  a  large  number  of  myehicytes.  These 
constituted  13.7  per  cent,  of  all  the  white  blood-corpuscles,  with  a  pro- 
prirtion  of  whites  to  reds  of  1  :  650,  Three  days  later  no  trace  of 
rnyelocytes  could  be  found  in  the  blood  and,  omitting  one  normoblast, 
nothing  abnormal  was  seen* 

Another  very  rare  occurrence  observed  by  Ehrlich  in  a  severe  case 
of  post-hemorrhagic  anemia  may  also  be  mentioneth  He  found  the 
poly  nuclear  cells  entirely  free  of  granules.  He  explains  this  phe- 
nomenon by  assuming  that  the  organism  lost  its  power  of  proiiucing 
neutrophile  substances  on  accnunt  uf  the  severe  loss  of  hloml. 

The  origin  of  this  |Kist-hemnrrhagic  leukocytosis  bus  been  variously 
explaineil,  Acconlingto  Virehow,  it  is  to  be  attributetl  to  the  fact  that 
the  white  blcKMl-corpascles,  on  account  of  tlieir  adhesiveness,  do  not  so 
readily  leave  the  vessels.  Agtun,  the  iirst  result  of  the  loss  of  blo<id, 
namely,  the  dilution  of  the  remaining  blood  by  chyle  and  lymph,  which 
are  free  from  erythr<x*ytes  but  rich  in  colorless  cells,  natundly  influences 
the  projKirtion  <if  the  white  to  red  in  tav<»r  of  the  former.  Ehrlich 
considers  it  due  to  irritation  of  the  bone-marrow.  [In  this  connei^tion 
the  seemingly  paradoxic  result  of  bleetling  in  chlomsis  may  be  considered. 
Numerous  observers  have  found  that  the  repeated  abstraction  of  small 
amounts  of  bloml  sometimes  exercises  a  beneficial  effect  in  the  treatment 
of  chlorosis.  Various  explanations  have  been  offereil  to  explain  this 
result,  among  which  an  imfX)rtant  one  is  that  which  attributes  the 
improvement  of  the  blood  to  a  stimulation  of  the  bone-marrow. — Ed.] 
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EXPLANATION  OP  PLATE  L 

Fig.  1. — Preparation   from   an  Acute  PoerHEMOBRHAoic  Anemia 
DURING  A  Blood  Crisis. 

a,  Normal  red  blood-corpuscles ;  the  pale  ones  contain  less  hemoglobin ; 
b,  normoblasts ;  b,  normoblast  with  polychromatophilic  protoplasm ;  e  and  c/ 
normoblasts  showing  the  nucleus  in  the  act  of  leaving  the  cell;  (2,  free 
nuclei  of  normoblasts ;  c,  lymphocyte ;  /,  polynuclear  leukocyte. 

Fig.  2. — Preparation  from  a  very  Severe  Simple  Chronic  Anemia 
(a  Case  op  Tertiary  Syphilis). 

a,  Red  blood-corpuscles  showing  marked  polychromatophylic  degenera- 
tion; 6,  blood-corpuscles  showing  extreme  oligochromemia — "Pessary 
forms" ;  c,  microcytes;  d,  blood-platelets;  e,  polynuclear  leukocytes;  /,  large 
mononuclear  leukocyte. 

The  drawings  were  made  from  preparations  fixed  in  absolute  alcohol  and 
stained  with  Chenzinsky's  fluid.  Microscope:  Leitz,  Oil-immer.  -jly,  Oc  I, 
Tube-length  16. 


PLATE  L 


%./. 


fiffi. 


ACUTE  POSTHEMOREnAGW  ANEMIA. 


163 


Jks  a  matter  of  fact,  each  une  of  tbese  factors  may  participate.     Special 
like  that  nicutioned  ab<n'e»  in  vvbich  myelacytcs  occurred  io  large 
TKiombers,  are  only  U>  he  explained  by  Elirlich*s  assumption. 

Anotber  imix)rtant  altera tiou  which  takcsi  plac«  imraediately  after 
^he  hemorrhage  and  h  sometimes  active  in  checking  it,  h  an  increase  in 
^zoagulabiljty.  According  to  E.  Freiind's  investigations,  the  time  of 
^^txigulation  may  be  hastened  from  nine  to  three  minutes  by  hemorrhage. 
The  writer  has  mentioneil  in  another  place  Hayem  s  observation  which 
:^tands  in  close  relation  to  this  fac^t,  namely,  that  the  blo<xl-plateIets  are 
«iarkedly  increase*  1  in  post- hemorrhagic  anemia. 

The  alterations  which  the  bone-marrow,  especially  that  of  the  long 
T)ones,  undergoes  after  severe  hemorrhage  must  not  be  omitted.  From 
animal  experimentation  (Litten  and  Orth)  and  occasional  autopsies, 
^ve  know  that  a  few  days  after  tlie  hemorrhage  the  fatty  marrow  is 
I  transformed  to  red  marrow  and  contains  enormous  numbers  of  nucleated 
I  Ted  blood-corpuscles ;  in  other  words,  normoblasts.  This  metamor- 
I  phosis  gives  the  key  to  tbe  clinieal  morpbHlogic  alterations  of  tlie  blood 
■  jast  described,  namely,  the  appearance  of  norm  obi  asts  and  the  occasional 
I        ooctirrenee  of  hvnerleukrjcytosis. 


ALTERATIONS  IN  THE  GENERAL  CONDITION  AND  IN  THE 
INDIVIDUAL  ORGANS 


These  alterations  in  the  blood  give  to  the  general  picture  its  striking 
gvmpt4>m,  namely,  the  pallor  of  the  skin  and  of  the  mucous  mem- 
branes. In  acute  anemic  conditions  this  manifests  a  jjeculiarity  not 
only  of  degree,  but  also  of  color,  l>y  which  it  is  diilerentiated  from  the 
pallor  of  chronic  conditions.  The  coh>r,  unlike  that  in  cl ironic  disease, 
is  not  yellowish,  bnt  whitish,  and  resembles  much  more  the  color  which 
we  see  under  severe  psychic  excitement,  as  shock,  fright^  and  the  like. 
This  difference  in  the  color  of  the  skin  attracts  attention  even  after 
hemorrhages  in  persons  previously  anemic  and  very  pale — e.  g.^  a  gastrio 
or  duodenal  hemorrhage  in  a  chlorotic  patient. 

The  tendency  to  slight  edemay  especially  about  the  malleoli,  must  be 
attributed  to  the  hydremia.  Tliis  eflenia  occurs  even  with  the  horizontal 
position,  and  is  ahnost  always  seen  when  with  tlie  recurrence  of  strength 
the  jiatient  walks  about  for  the  fii"st  time.  It  is  undoubtedly  inde- 
pendent of  albuminuria,  since  it  also  ap[»ears  when  no  trace  of  albumin 
can  be  found  in  the  urine.  Whether,  as  Cohnheim  affirms,  a  perme- 
ability of  the  vessels  is  to  be  made  res|>onsible,  or  whether  the  abnormal 
chemic  composition  of  the  blood  itself  creates  other  conditions  under 
which  transudation  may  occur,  can  not  be  stated  with  certainty. 
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Fischl  firsts  and  later  Quiocke  and  many  others,  described  aa 
aJbttminiirla  after  very  severe  hemorrhages.  In  rare  cases  it  appears 
.several  hours  after  the  hemorrhage  and  reaches  a  pretty  high  grade. 
Microscopically  the  urinary  Rudiment  shows  only  isolated  byaliDe  castd 
and  kidney  epitheliunij  l>ut  no  .signs  of  renal  inflammation.  At  the 
aiittipsy  on  a  patient  who  .succumbed  immediately  after  repeated  hemor- 
rhages, all  of  which  tot^k  place  within  twenty  hours,  and  whose  urine 
showed  considerable  amounts  of  albumin,  Quincke  was  able  to  demon- 
strate that  tlie  kidney  e|>itheliimi  was  completely  uninjured.  In  ^pite 
of  this,  it  seems  jiistiiiable  to  refer  the  abnormal  excretion  i^f  albumin 
to  lesions  of  the  kidney  epithelium,  which  are  produced  by  the  severe 
circulattjry  disturbance  and  the  defective  nutrition,  yet  are  not  dcmon- 
stniljle  microscopically.  Stilly  the  watery  composition  of  the  blood 
creates  other  conditions  of  diHusion  which  niay  be  capiible  of  producing 
the  passage  of  albumin  into  the  uriniferous  tubules.  It  may  even  be 
possible,  as  Quincke  suggests,  that  tlie  albuminous  material  jmssing 
into  the  bltMxl  from  the  tissue-juices  is  not  completely  identical  with 
flerum-albuniin,  and,  therefore,  produces  an  irritation  of  the  kidneys 
which  leads  to  an  abuormal  jwrmeability. 

Excejjt  this  occti^ioual  alliuminuria,  no  other  abnormal  constituent 
is  found  in  the  urine  in  traumatic  anemia.  The  urine  is  pide,  and  its 
daily  amount  is,  as  a  rule,  iucrea>ed.  This  is  naturally  not  to  beattrib- 
utcil  to  the  disease-process  per  .s^y  but  ratlier  to  the  copious  ingestion  of 
fluiil  ri^'sulting  from  tl*e  intense  thirst. 

The  changes  in  metabolism  in  acute  hemorrhage  have  been  the 
subject  of  numerous  experimental  investigations.  On  the  basis  of  the 
early  experiments  of  Bauer  it  was  long  assumed  that  the  proa^Mts 
of  ojTtthiiion  are  dimiuisheii.  Still  further  animal  exjierimentation 
(Gruber)  has  shown  that  the  consumption  of  oxygen  itself  is  no  lees 
than  in  health,  at  least  as  long  as  the  physical  essentials  to  the  circula- 
tion are  preserve  1  or  are  replaced  by  a  suitable  fluid  substitute, 
V.  Jiirgensen  called  attention  to  the  fact  that  with  an  absolute  diminution 
of  the  functional  ca(>sihility  of  the  hemoglobin,  the  organism  preser\^es 
it'*  physiologic  activity  by  an  increase  in  respiratory  frequence  and 
cardiac  energy  ;  while  F.  Kraus  found  from  his  experiments  that  not  the 
frequency  but  the  depth  of  the  respiration  underwent  an  increase. 

In  addition  to  thase  two  factors,  we  have  poikilocytnsis  (previously 
considered  in  regard  to  this  same  point)»  which  so  ilistributes  the  hemo* 
globin  present  that  it  offers  an  increased  surface,  and  is  thas  capable  of 
meeting  the  greater  demands. 

There  is  likewise  a  lively  con  trad  ict(jry  discussion  in   relation  to 
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oUmmifMus  decomposition  in  acute  anemia.  Bauer  found  after  the  with- 
drawal of  a  considerable  amount  of  blood  from  a  dog^  the  excretion  of 
nitrogen  increased  to  30  per  cent,  and  over ;  and  Kolisch  reports  a  case 
of  severe  post-hemorrhagic  anemia  with  ulcus  ventriculi  in  which  there 
was  a  marked  increase  in  the  excretion  of  nitrogen,  amounting  lo  about 
three  times  the  amount  ingested;  moreover,  according  to  the  same 
authority,  Neusser  found  in  a  similar  case  even  five  to  six  times  the 
amount  of  nitrogen,  v.  Noorden  reports,  however,  two  cases  of  dan- 
gerously severe  gastric  hemorrhage  which  neither  on  the  day  of  the 
hemorrhage  nor  subsequently  excreted  more  nitrogen  than  would  cor- 
respond to  the  amount  ingested. 

In  all  forms  of  severe  or  long-continued  anemia,  especially  in 
anemias  following  a  single  severe  or  repeated  hemorrhage,  fatty 
degeneration,  particularly  in  the  circulatory  system,  has  been  observed 
(Ponfick).  In  mild  cases  this  affects  the  connective-tissue  cells  of  the 
intima  of  the  larger  arteries  and  of  the  endocardium ;  in  severe  cases 
the  heart-muscle  itself.  Perl  found  in  dogs  after  the  withdrawal  of 
blood  by  repeated  venesection  at  long  intervals  the  cardiac  musculature, 
especially  the  papillary  muscles  on  the  left  side,  sometimes  devoid  of 
cross-striations  and  the  sarcolemma  filled  with  fat-droplets.  In  cases 
in  which  the  hemorrhage  is  followed  by  death  after  some  days,  more  or 
less  fiEitty  d^eneration  is  found  also  in  the  capillaric*?,  especially  of  the 
brain,  and  in  the  glandular  cells  of  the  liver,  stomach,  and  renal  cortex. 

The  older  writers  attributed  this  fatty  degeneration  to  the  diminished 
oxidation  brought  about  by  the  anemia.  More  recent  investigations 
(Kraus,  Thiele,  and  Nehring)  not  only  unanimously  contest  the  occur- 
rence of  a  diminution  of  the  oxygen  consumption,  but  also  assert  that 
there  is  an  augmentation  of  it  in  comparison  with  the  normal.  Still  it 
would  be  hasty  to  dismiss  the  above-mentioned  explanation  before 
another  sound  one  is  proposed ;  for  the  statistics  at  our  disposal  are 
obtained  from  the  gas  metabolism  of  the  entire  organism,  and  they  natu- 
rally do  not  show  the  variations  which  might  take  place  in  individual 
organs. 

That  in  conditions  of  severe  acute  anemia  the  heart  and  the  vessels 
occupy  a  unique  position  is  evident  from  the  fact  that  the  functions 
of  all  other  organs  are  decidedly  depressed,  at  times  almost  wanting; 
while  the  activity  of  the  circulation  continues ;  in  fact,  the  sum  total 
of  its  activit}'  may  be  increased  in  comparison  with  the  normal.  The 
organism  as  a  whole  can,  therefore,  be  sufficiently  provided  for,  while 
the  metabolism  of  individual  parts  is  defective.  An  analofr^^"-^  occur- 
rence for  which   this  explanation   is  appropriate  is  presented   by  the 
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ocular  muscles,  which,  acc<jrtling   to  A,   FHinkel,   may  degenerate  in 
peroicious  aoeniia  in  the  same  way  as  the  cardiac  musctihiture. 

As  a  result  perhaps  of  the  fatty  degeneration  of  the  ves&els  there 
is  a  decided  tendency  to  spontaneous  hemorrhage.  Hemorrhaged 
from  the  gums,  from  the  uosne,  tVora  tlie  uterus,  and  into  the  retina  may 
give  rise  to  severe  complications  and  seriously  retard  the  general 
restoration* 

In  considering  the  disturbances  of  the  circulation  in  acute  anemia, 
we  must  first  descrilie  those  produecKl  immediately  by  the  hemorrhage. 
Observations  ou  man  have  been  naturally  made  only  within  the  narrow- 
est limits^  yet  careful  animal  experimentation  has  tauglit  that  on  a  rapid 
withdrawal  of  a  large  amount  of  blood  the  arterial  pressure  mpidly 
sinks  and  the  pulse  becomes  small  and  compressible.  If  the  hemor- 
rhage ceases,  the  arterial  pressure  returns  to  normal  in  a  few  minutes, 
and,  according  to  Cohnheim,  dogs  stand  the  loss  of  more  than  one-fourth 
the  entire  amount  of  blood  without  any  persistent  reduction  of  the 
arterial  pressure.  This  is  brouglit  about  by  automatic  regulatitjn  in 
that  the  vasomotor  center  is  readily  stimulated  by  the  anemia  and  so 
re-establishes  the  necessary  pressure  l)y  contraetitju  of  the  vessels. 
Moreover,  if  by  the  introduction  of  fluid  from  the  tissues,  the  contents 
of  the  vascular  system  are  restored  to  their  original  amount  (a  process  g 
which  takes  place  very  rapidily),  the  old  tension  is  approached,         aj^^H 

After  the  hemorrhage,  during  the  development  of  the  anemic  cd^^^l 
dition,  several  disturbances  of  the  mechanic's  of  the  circulation  are  to  | 
be  noted  which  can  be  demonstrated  on  a  careful  study  of  the  pulse.  ) 
The  damage  suffered  by  the  heart  in  the  greater  or  less  fatty  degenera-  j 
tion  of  its  muscle  has  been  stated  belbre.  These  anatomic  chautres 
explain  the  |>ersisteuce  of  a  pronounced  debilitas  cordis,  even  after  the 
disturijances  of  tlie  composition  of  the  blood  have  been  fully  compen- 
sated for.  The  entire  heart  action  is  more  feeble,  the  heari-s*>unds  are 
weak  and  frequently  associated  with  or  replaced  by  characteristic  acci- 
dental murmurs.  The  pulse  remains  very  feeble  for  weeks,  even  after  it 
has  lx?come  of  its  normal  volume.  The  often-occurring  slight  alteration 
in  frequency  is  especially  characteristic.  During  the  fin^t  lew  days  after 
the  hemorrhage  an  energetic  movement  in  bed  may  prmlnce  violent  [>al- 
pitation  of  the  heart  and  suddenly  increiuse  the  frequency  of  the  pulse ; 
in  later  stages  the  same  effects,  or  even  sometimes  conditions  resembling 
collapse,  are  produced  by  relatively  trifling  causes—^.  ^.,  a  change 
between  lying  and  sitting,  an  evacuation  of  the  bowels,  or  even  slight 
psychic  emotion.  We  have,  in  fact,  a  condition  which  closely  simulates 
that  occurring  in  the  convalescence  of  certain  infectious  diseases,  e^peci- 


ACUTE  POST'MBMORRHAGIC  ANEMIA, 


167 


aUy  the  intoxications.  Moreover,  we  see  afYer  severe  hemorrhages,  as 
well  as  after  diphtheria  or  typljoid  fever,  pitiable  cases  where  the  con- 
valescent, animateil  by  the  itvling  of  fully  restored  health  and  strength, 
makes  too  great  a  muscular  eflbrt,  such^  for  instance,  as  leaving  the  bed 
too  sooD,  and  suceombs  to  a  e^irtliac  paralysis  (Immermann), 

The  functional  activity  of  tire  digestive  organs  i.-^  likew^ise  reduced 
to  the  lowest  level.  Immediately  after  the  loss  of  blotxl  from  the  vea- 
feels  a  burning  thirst  usually  s^^ts  in,  the  satisfying  of  which  helps  to 
compensate  for  the  loss  in  Huid  suffered  by  the  biKJy.  The  desire  for 
food  is,  on  the  contrary,  primarily  depressctl,  and  the  jrwiwer  of  absorb- 
ing food,  especially  solids,  is  markcilly  lowered,  so  tliat  diet  demands 
the  most  careful  watching  both  in  regard  to  amount  and  quality. 
Mi>reover,  this  must  be  exercised  more  serupuloiisly  in  the  iurther  stage 
of  convalesce uee,  since  a  voracious  apj>etite  usually  comes  on  which 
indnccs  the  patient  to  put  more  wnrk  on  the  digestive  organs  than  they 
can  stand.  Manassein  found  experimentally,  in  dogs  from  w4iich  he 
removed  by  repeated  venesection  one-third  to  one-half  of  the  entire 
amount  of  blofd  within  four  days,  that  the  gastric  juioe  possessed  much 
less  power  of  digestion  than  under  normal  conditions,  though  l>y  the 
addition  of  hydrochloric  acid  he  was  able  to  mise  it  to  the  normal. 
On  aooonnt  of  the  great  indulgence  required  by  patients  with  acute 
anemia  the  clinical  observations  are  naturally  extremely  scanty.  Kolisch 
recently  examined  a  patient  with  a  severe  sul*acute  i>ost-hemorrha^ic 
anemia  which  proved  iatal,  and  found  a  copious  amount  of  free  hydn>- 
chloric  acid  in  the  stomach. 

For  the  same  reastnis  no  exact  examinations  are  at  hand  on  the 
ahsoqjtive  activity  of  the  intestine ;  yet  froux  the  clinical  course  in 
)>en^ns  previously  healthy,  and  the  extraordinar}^  rapid  restoration  of 
strength,  it  is  to  be  assumetl  that  tlic  ingested  nourishment  is  completely 
absorbed. 

Scagliosi  recently  observed  anatomic  alterations  in  the  central  ner- 
vous system,  which  from  the  reiK>rt  of  the  case  can  only  be  regarded 
as  a  result  of  the  severe  loss  of  blood.  The  patient  was  a  gravid 
woman,  who  suffered  severe  lo^ses  of  blood  at  intervals  for  about  thirty 
days,  and  during  labor  succnmbeth  Ttie  brain  showcnl  decomposition 
and  solution  of  Nissl's  bodies ;  the  spinal  cord,  especially  in  the  anterior 
horns,  exhibite<l  marked  atrophy  of  the  ganglion  '  cells  and  enlarge- 
ment of  Nissl's  bi»dies,  associated  witli  a  diminished  p<iwer  of  stiiining, 
Scagliosi  reports  no  clinical  symptoms  which  would  corn^sp<md  to 
the  anatomic  changes* 

In   the  description  of  severe  hemorrhage  mention   has  bc'en   mnde 
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that  fiaUui^inationH  and  ddirium  may  appear  as  a  result  of  the  anemia 
and  c^jnBtitute  a  threatening  if  not  terminal  symptom.  Still  no  rei>ort.s 
can  be  found  in  the  literature  of  persii^tent  psychoses  which  were 
undoulitetlly  due  to  a  severe  loss  of  bl4M:H3  (KrattVEbing). 

Hallervorden  observed  several  cases  of  acute  anemia  accompained 
by  transitory  diMurheinceji  of  speech j  which^  according  to  his  description^ 
can  be  attributed  only  to  the  loss  of  bhxKlj  and  not  to  any  allied  cir- 
cuni stance  like  fright,  rupture  of  vessels,  etc. 

The  s|»eech  in  this  ease  w^s  anarthrie,  and  simulated  that  of  intoxi- 
cation or  bulbar  paralysis.  The  aphasia  in  connection  with  it  was  both 
motor  and  sensory,  Hallervorden  mentions  as  espetnally  characteristic 
that  the  intensity  of  the  symptoms  depended  on  the  position  of  the 
body  or  the  momentary  condition  of  fatigue.  These  disturbances  are 
most  readily  attributed  to  an  anemia  of  the  nuclei  in  the  medulla 
oblongata  or  of  the  cerebral  cortex.  The  prognosis  seems  to  be  abso- 
lutely iavorable, 

A  rather  rare  result  of  marke*!  loss  of  bloml  is  neuralgia.  It  is 
seen  esj^ecially  in  the  cerebral  nerves,  and  is  extremely  severe  and 
obstinate. 

As  in  all  anemic  conditions,  bo  too  in  the  post-hemorrhagic,  a  promi- 
nent place  is  taJcen  by  ocular  complicatiotts.  Knies  insists  that  ambly- 
opia and  amaurosis  do  not  occur  after  loss  of  blooi!  in  j>ersons  other- 
wise completely  lu^ilthy,  and  that  an  added  factor  is  necessary.  In 
ilhistration  of  this  he  states  that  not  a  single  case  of  this  kind  was 
observe*!  in  the  whole  eamjiaign  of  1H70— 7L  Still  observations  are 
not  rare,  antl  a  very  large  nunxl>er  of  them  seera  to  have  been  made  in 
cases  of  hemorrhages  from  the  digestive  tract^  e^sjiei-ially  hematemesis, 
A  clear  picture  of  the  mechanism  of  such  visual  derangement  is  not 
difficult  to  draw.  When,  fnr  instance,  the  blood -pressure  suddenly 
sinks  in  the  whole  vascular  system,  while  the  independent  intra-ocular 
pressure  remains  normah  the  circulation  of  the  bltKKl  in  the  retina  is 
natumlly  made  more  difficult.  This  may  produce  momentary  disturb- 
ance's of  sight  ("  Schwa r7,sehen  *'),  which  rapidly  disappear  with  the 
restoration  of  the  general  blood-pressure.  Still,  if  the  circulatirtn  of 
blfMxl  in  the  retina  remains  disturlKnl  for  some  time,  and  a  disease  of  the 
vessels  of  the  optic  nerve  already  exists,  unilateral  or  bilateml  derange- 
ments i>f  vision  to  even  complete  blindness  may  occur,  either  early  or, 
as  is  usually  the  case,  several  ilays  later.  That  these  visual  disturb- 
ances frequently  occur  not  immediately,  but  a  week  or  more  after  the 
hemnrrhage,  is  exphiineil  by  the  assumption  that  during  the  ischemia 
dc^nenitioii  of  tlie  delicate  vessel- w^alls  takes  place,  especially  if  they 
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were  not  entirely  intact  before.    On  the  restoration  of  the  blood-pressure 
then  we  have  rupture  of  continuity  and  hemorrhage  (Knies). 

The  ophthalmoscopic  finding,  even  with  comple  amaurosis,  may  be 
negative,  or  there  may  be  only  a  pallor  of  the  papilla. 

According  to  Schmidt-Rimpler,  recent  cases  usually  show  a  neuritis^ 
or  sometimes  a  neuroretinitis  with  isolated  hemorrhages.  When  the 
amaurosis  persists,  atrophy  of  the  optic  nerve  results.  Hirschberg  and 
Rothmann  describe  in  such  cases  a  delicate  edema  about  the  optic  nerve. 
Schmidt-Rimpler  reports  in  another  volume  of  this  system  hemorrhages 
into  the  vitreous  humor  after  a  violent  epistaxis. 

The  prognosis  of  the  visual  disturbances  after  hemorrhage  is  very 
dubious,  and  in  no  way  directly  dependent  on  the  severity  of  the  hemor- 
rhage. Even  complete  amauroses  are  usually  only  transitory,  though 
they  may  leave  behind  slight  persistent  derangements.  Yet  cases  of 
incurable  amaurosis  or  persistent  severe  amblyopia  have  been  not  infre- 
quently observed. 

[W.  C.  Posey  *  has  studied  the  condition  of  the  eyes  in  cases  of  sec- 
ondary anemia.  He  notes  that,  as  most  of  his  observations  were  in 
adults  who  had  been  exposed  to  many  causes  which  might  produce  ocu- 
lar lesions,  it  was  impossible  to  exclude  this  from  the  results  of  anemia. 
In  many  cases,  however,  of  anemia  resulting  from  heart  and  stomach 
disease,  he  found  pallor  of  the  discs,  narrowing  of  the  vessels,  and 
lighter  blood  columns,  which  were  evidently  conditions  produced  directly 
V>y  the  anemia.  In  the  majority  of  cases  of  anemia,  however,  even 
'^here  there  was  a  marked  reduction  in  the  blood  count,  the  fundus  of 
the  eye  was  perfectly  normal. — Ed.] 

DIAGNOSIS. 
The  diagnosis  of  a  severe  acute  anemia  presents  not  the  slightest 
difficulty.  The  problem  of  discovering  the  seat  of  an  internal  hemor- 
rhage, the  chief  symptoms  of  which  are  presente^l  not  by  the  anemia, 
but  by  the  local  disturbances,  is  not  to  be  solved  here,  where  we  have  to 
do  merely  with  the  recognition  of  the  anemic  condition  per  se.  This  is 
characterized  by  symptoms  like  general  weakness,  pallor,  a  tendency  to 
feinting,  and  the  small  size,  compressibility,  and  changing  frequency  of 
the  pulse,  which  are  so  striking  that  the  occurrence  of  a  severe  internal 
hemorrhage  could  escape  even  the  inexperienced  only  through  the  greatest 
carelessness.  From  a  differential  diagnostic  point  of  view,  all  acute  dis- 
turbances in  the  distribution  of  the  blood,  such  as  are  seen  under  different 
nervous  influences,  can  come  into  consideration,  namely,  fright,  anxiety^ 
»  Jour,  of  Amer.  Med.  AssoCj  July  24,  1897. 
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and  severe  psychic  shocki*.  Excesses  in  baccho  et  vcnere  can  also  prodyee 
such  raarktHi  clumgei^  in  the  distribution  of  the  blood  as  to  give  rise  to 
the  thought  of  a  true  anemia  (**  vascnlar  anemia,"  Quincke).  An 
accurate  ejcaoiinatiun,  ivspecially  of  the  heart's  action  whieh  is  undis- 
turbed, of  the  pulse  whicli  is  of  |j roper  size  and  ten s« ion,  and,  above 
all,  the  transitiveness  of  the  symptoms,  indicate  the  correct  diagnosis. 
A  morphologic  examination  of  the  V>kH)d  in  such  cases  would  be  of 
little  value,  liraiase  the  histologic  changes  peculiar  tn  at'ute  anemia  are 
found,  at  the  earliest,  twenty-lVmr  hours  after  the  henwrrhage.  Still, 
the  determination  of  the  number  of  corpuscles  and  the  percentage  hemo- 
globin would  Ijc  occasionally  of  service. 


PROGNOSIS. 

The  termination  of  an  acute  post-hemorrliagic  anemia  in  a  pre- 
viously healthy,  robust  individual  is  almost  always  in  c*>mplete  restora- 
tion ;  in  fact,  sometimes,  as  after  acute  infectious  diseases,  the  person 
appears  more  robust  au<l  healthy  than  before  the  Iiemorrhage. 

As  far  as  the  possibility  of  recovery  is  concerned,  we  must  look 
first  to  the  cause  which  pr^xlucetl  the  hemorrhage  and  the  complications 
arising  with  it.  If  the  anemia  is  the  result  of  a  trauma  whicli  in  its^Of 
puts  no  difficulties  in  the  way  t>f  recovery,  restoration  to  normal  is 
very  likely.  Every  complication,  whether  present  in  the  cause  that 
prwlueed  the  hemorrhage  or  appearing  later,  retanls  the  course  of  repa- 
nition  or  may  prevent  it  entirely. 

How  great  a  lr)ss  of  bkmd  is  consonant  with  anticipated  restoration 
is  a  question  t>f  eonsiderable  practical  import,  and  one  on  which  great 
attention  has  been  bestowetl  l>y  many  investigat<jrs,  esj>ecially  surgeons, 
in  connection  with  hemorrhages  in  operations.  Statistics  are  naturally 
incapalilc  of  giving  exact  ideas  on  this  jmint.  Moreover,  the  results  of 
animal  exj>erimentatioii  are  not  conclusive  in  connection  with  human 
couilitions,  for,  amrmg  the  different  animals,  there  is  a  markeil  difference 
in  susceptibility  to  hemt>rrhage.  The  best  criterion,  even  though  it  is 
very  unsatisfnetory,  by  which  the  different  cases  may  l»e  compared  with 
one  another,  is  not  the  amount  of  blood  lost,  l»ut  the  number  of  red 
bltM xl-corpuscles  |ier  c.mm.  remaining.  In  general,  we  may  assume  that 
a  healthy  man  can  lose  rapidly  one-half  his  bkuxl  and  more  and  still 
l>e  capable  of  recovery.  The  decrease  in  the  nimiber  of  red  blootl- 
corpuscles  «m  be  even  greater,  for,  as  mentioned  in  another  place, 
Haycm  rej)orts  a  case  in  which  the  number  of  red  blood -corpus4*les 
sank  quicklv  to  11  jht  cent,  of  the  normal  and  yet  recoA'cry  followctl. 

According  to  the  size  of  the  hemorrhage,  tlie  duration  demaiidt»d  by 
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tie  regeneration  of  the   blood    varie?.      How   long  ii  tioie  will  be  con- 

5>uined  before  the  hemoglobin  aod  the  number  of  bkRKl-e*jrpu?veleB  again 

become  oormal  is   primarily  de|>endent  oo   the  amouot  <jf  blond   hint* 

Still,  individual  differences  and  the  condition  of  the  patient  before  the 

'hemorrhage  play  a  decided  riMe.     Individuals  in  the  prime  of  life  anil  in 

<^wnplete  health  replace  bosses  uf  blood  amounting  to  from  one-third  to 

one-half  of  the  entire  quantity  in  a  few  weeks,  while  feeble,  sickly  indi- 

Wduals  or  old  people  ref|uire  as  many  months.     Buntzen  states  actual 

%iires  on  thii*  point :  In  one  axse  in  which  the  diminution  of  red  blood- 

^^^Jpu^cles  amounted  to  23  per  cent.,  the  regeneration  took  eight  days ; 

^tii    a  diminution  of  29  per  cent,,  in  imv  case  t^-n,  in  nnother  thirteen 

^ys  ;  and  in  one  cast^,  with  31*  per  cent,  hiss,  tliirty-fuyr  ilay.s. 

Bierfreund  has  constructeil  the  following  table  to  ioilicate  the  rapidity 
*•*    Tx-generadon  after  hemorrhage  : 


^  «r  Uood  in 


MAle. 


lO^l  §  p^jy  ^j^j^i  12.7  days 

^1-25       •*       120.3    " 
^       **        27.0    " 


Femftle. 

Age  (yea»). 

so-eo 

1-10 

10-20 

20^30 

3(M0 

10^ 

M 

17.1  davH 
2:5.5    *^ 
23.5    " 
31.3    « 

20.0 
21.0 
22.5 

13.2 
19.0 
21.3 

10.8 
12.6 

17.6 

10.4 
16.2 

16 
21 
19 

a7.o 

2117 

2a9 

23w8 
27.0 

In  this  regard  there  seems  to  be  no  difference  between  the  sexes  ;  at 
l^ast  the  observation  found  in  many  text-books  that  females  j^how  a 
^Ttiiter  toleninee  to  severe  losses?  of  bluod  i.s  not  substantiated ;  in  fact, 
fium  Bierfreund*s  statistics^  the  opposite  sterns  true. 

Accordmg  to  Scbiffy  the  newborn  require  an  exceedingly  long  time 
for  the  restoration  of  hemoglobin  and  blootl-corpuscles.  Several  diseases, 
particularly  tuberculosis  and  malignant  tumors,  according  to  Bierfreund, 
retard  regeneration  ;  while,  ^trange  to  say,  tertiary  sypbOis  and  benign 
tumors  have  absolutely  no  influence. 

In  regard  to  certain  therapeutic  measures^  one  should  not  foi^et 
Bierfreund*s  observation,  that  the  restitution  t»f  the  blo*wl  itccurs  no 
more  rapidly  (though  likewise  no  more  slowly)  when  tlie  hemorrhage 
is  subcutaneous  or  into  the  tissues  than  %vhen  it  is  external  If  the 
effusion  of  bloo^l  is  unfavoral)ly  localized,  for  instance,  in  the  i>eri- 
toneal  cavity,  retanlation,  rather  than  acceleration  of  recovery,  is  to  be 
anticipated. 

Many  clinical  and  exjx^rimcntal  observations  show  that  after  a 
benjorrhage  that  is  not  extremely  severe  regeneration  may  i^esult  in  a 
a  greater  number  of  corpuscles  tJian  were  present  previous  Uy  the 
hemorrhage* 

Though  the  prognosis  of  acute  anemia  is  as  a  rule  very  favorable, 
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uuonmjiUvuted  case-s  are  sometimes  observed  in  which  a  complete  restora- 
tion fails  to  take  place  and  a  chronic  anemia  results.  Thcjse  are  cases 
in  which  the  hemorrhage  was  extreme  and  affected  the  blood-making 
oi^ns  go  severely  that  they  were  unable  to  rt^ain  their  full  functional 
power.  In  the  chapter  on  Progressive  Pernicious  Anemia,  cases  will 
be  rcpt>rtefJ  hi  which  the  origin  of  this  di^^ease  ean  1)€  attributc*tl  with 
great  probability  to  severe  acute  hemc>rrhages. 

The  CMiurse  and  the  term i nation  of  cum plic^it ions  afiecting  individual 
organs  are  often  entirely  imlependent  of  the  c*)urse  of  the  anemia  ;  thi;? 
may  disappear,  that  persist,  and  vice  verm  (compare  what  h  said  in  the 
special  sections). 

TREATMENT. 

Arrest  of  Memorrliage. — The  methods  of  arresting  hemor- 
rhage are  chiefly  treated  in  the  text-books  on  surgery  and  obstetrics. 
Moreover,  depending  on  tltc  cause,  such  diticrent  methods  are  employed 
in  ease  of  licmorrhagc  frtmi  internal  disease  that  the  \\t iters  must  leave 
their  discussion  to  the  special  set^tions  on  internal  medicine,  such  as 
those  on  jiiithisis  jnilmcaium,  ulcus  %^entriculi,  and  typhoid  fever,  and 
be  contented  here  m  ith  the  genend  treatment  of  internal  hemorrhage. 

The  tirst  re<|niremcnt  fur  the  checking  of  hemorrliage  is  absolute 
rest.  In  mmiy  casas  the  patient  is  quiet  involuntarily  on  acMxiunt  of 
the  weakoess  which  comes  on  so  rapidly  ;  still  not  iidrequently  rest 
must  Ix'  fort'cd  even  by  the  aid  of  narcotics — i^piiun,  morphin,  codein — 
especially  when  an  intense  congh,  violent  jiain^  psychic  excitement  or 
hallucinations  (t^ee  above),  which  really  call  forth  a  renewal  of  the 
heraorrhiige,  demand  it* 

Among  the  rcmtJies  prtiducing  arrest  of  hi-niorrhage  on  internal  or 
subcutaneous  administration  may  be  mentioned  especially  liquor  ft-rri 
sesquichlorati,  lead  acetate,  set*ale  cornutum,  ergotiii,  stypticin,  and 
hydni8tis  canadensis.  According  to  the  personal  experience  of  indi- 
viduals tlic  opinions  as  to  tlie  value  of  these  remedies  differ  widely, 
and  authorities  are  not  wanting  who  consider  that  an  arrest  of  hemor- 
rhage by  mciiicaments  is  im|XFSsible.  Nevertheless,  the  writer  must 
say  that  he  has  fref|uently  seen  a  favorable  influence  exercised,  espe- 
cially in  hemotysis,  by  seeale  cornutuui  and  ergot  in, 

[An  imjKjrtant  addition  to  our  means  of  controlling  hemorrhage  by 
local  applicatiuo  has  rtx'cntly  l>een  made  to  the  pharmacopeia  in  the 
various  preparations  of  suprarenal  gland.  Of  these,  the  [lurified 
prfxbict  adrenalin  and  its  solutions  are  the  most  impjrtant.  The  direct 
application  of  a  solutioa  of  adrenalin  chlorid  (1  :  10,000  to  1  ;  5000) 
acts  as  a  powerful   hemost:Uic,  and   is  applicable  in  the  treatment  of 
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hemorrhages  from  external  surfaces  or  mucous  membranes  that  can  be 
reached  from  the  exterior. 

Even  in  parenchymatous  and  internal  hemorrhages^  however^  ad- 
renalin and  similar  products  of  suprarenal  gland  have  been  used^  not  only 
for  their  vasoconstrictive  effect,  but  also  because  they  are  supposed  to 
have  some  influence  in  increasing  the  rapidity  of  coagulation  of  the 
blood.— Ed.] 

Lately  gelatin  has  been  frequently  recommended  as  a  styptic. 
Poljakow  reports  good  results  from  its  employment  by  stomach  or 
rectum,  in  10  per  cent,  watery  solution  (200  c.c.  three  times  daily),  in 
cases  of  hemorrhage  from  the  digestive  tract.  For  subcutaneous  in- 
jection, Davezac  employs,  and  he  claims  with  good  results  in  the 
hemoptysis  of  phthisis,  a  solution  of  2.5  gelatin  in  100  physiologic  salt 
solution,  5  to  10  c.c.  being  injected  at  a  time.  Curschmann  injected 
subcutaneously  several  days  in  succession  200  c.c.  of  a  sterilized  gelatin 
solution,  and  claims  that  in  13  of  the  14  cases  observed  of  severe 
stomach,  intestinal,  and  pulmonary  hemorrhage,  the  hemorrhage  rapidly 
ceased. 

[The  editor's  experience  with  gelatin  as  a  hemostatic  has  been 
confined  to  the  treatment  of  hemorrhage  in  typhoid  fever  and  of 
liemoptysis  in  pulmonary  tuberculosis,  in  both  of  which  he  has  used 
this  treatment  extensively.  The  conclusion  reached  after  this  experi- 
menting has  been  that  there  was  probably  a  moderate  influence  for  good 
in  this  treatment,  though  the  results  were  not  so  certain  as  might  be 
desired. 

In  treating  hemorrhage  in  typhoid  fever  gelatin  was  administered 
by  the  mouth  as  well  as  hypodermically,  in  order  that  the  undigested 
gelatin  might  be  carried  along  the  intestinal  tract  to  tlie  seat  of  hemor- 
rhage. Local  applications  of  gelatin  have  been  repeatedly  used  for  the 
purpose  of  checking  hemorrhage,  and  the  employment  of  weak  gelatin 
preparations  by  the  mouth  might  therefore  be  advantageous  in  typhoid 
fever. — Ed.] 

The  administration  of  common  salt,  Glauber's  salt,  and  the  like, 
which  have  been  frequently  employed  in  hemoptysis,  though  with  not 
very  assured  results,  is  based  on  the  experimental  fact  that  the  diffu- 
sion of  large  amounts  of  fluid  into  the  intestinal  canal  produces  a 
decided  thickening  of  the  blood  (Grawitz). 

It  is  likewise  recommended  in  cases  of  persistent  hemoptysis  to 
Ignore  the  thirst  as  long  as  possible.  In  cases  where  all  medicaments 
failed,  the  writer  has  been  more  than  once  impressed  with  the  favorable 
influence  of  this  procedure.     Whether  remedies  which,  according   to 
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Wright  and  others  (caleiuru  ehlorid),  increaise  the  coagulability'  are  of 
thera|)eiitie  value  is  difficult  to  prove,  sinee,  according  to  Frcuud,  die 
henicfrrliage  iti^elf  is  s^ueh  a  potent  factor  iu  tlie  same  reganL  Yet  if, 
as  in  the  hemorrhagic  diathesis,  the  dindnution  of  the  eoagulahility  of 
the  blood  belongs  to  tlie  uature  of  the  dise;ist^,  these  remedies  are  of 
uudoubted  value  hi  the  check iug  of  the  hemorrhage. 

[The  investigations  of  E.  A.  Wright  have  iihowed  the  thempeutic 
value  of  calcium  chhirid  as  a  hemostatic,  and  this  drug  has  been  largely 
used  in  the  treatment  of  various  hemorrhagic  diseases,  and  has  even 
been  admiuistereil  hj  surgeons  as  a  preparative  treatment  in  conditions 
in  which  seoondaiy  hemorrliage  is  generally  feared,  such,  for  example, 
as  in  persons  deeply  jainiflieetL  Wright's  ex(>eriments  made  with  his 
coagulometer  showwl  a  decided  dei^rease  of  the  coagulation -time  after 
the  administration  of  csilcium  elilorid.  This  was  true  of  heidthy  |)ersons 
as  well  as  of  case^  of  hemorrhagic  disease,  such  as  hemophilia,  purpura, 
etc*  The  effect  of  calcium  thus  administert^l  sterns  to  be  temporary, 
and  a  oontinueil  use  is  ntjt  advisalde. — Ed.] 

A  final  styptic  which  fulfils  other  important  indicatirms  at  the  same 
time  (see  below)  is  the  transfusion  of  blood  or  salt  solution  into  the 
circulation.  Cases  have  l)ecu  observed  iu  which  this  procedure  was 
immediately  foJlowtHl  by  a  cessjition  of  the  liemorrhage  (F*  A.  lloifmann). 
This  apparently  jmnidoxic  fact  is  explained  by  assuming  that  the  con- 
tinuation of  the  hemorrhage  is  due  lo  the  atony  of  the  vessels,  which  is 
rapidly  re n Hived  by  the  siiddeu  refilling  of  the  circulation. 

General  Treatment  of  Acute  Anemia.— After  the  first  and 
most  important  essential  in  the  treatment  of  a  hemorrhage,  namely,  its 
control,  has  been  accomplisheil,  it  is  necessary  to  combat  its  immwliate 
se<juebe*  The  greatest  requirement  is  complete  physic  and  psychic 
rest,  and  this  shouhl  not  be  disturbed  by  therapeutic  or  diagnostic  pro- 
cedures which  arc  not  absolutely  necessary.  By  hnvering  the  head, 
warm  coven ng,  and  aiutious  slaking  of  the  bu ruing  thirst  by  hot  or 
warm  stimulating  drinks,  such  as  coffee,  tea,  or  even  small  doses  of 
alcoholic  lieverages,  like  sherry  and  cognac,  the  activity  of  the  heart  is 
fitimulated  and  the  tormenting  sensiition  of  gt^ueral  weakness  somewhat 
lessened*  If  fainting  occurs,  or  if  tlie  pulse  becomes  excessively  fre- 
quent, smalli  or  weak,  stronger  stimulants,  like  injections  of  ether  and 
camphor,  are  indispensable.  The  objection  has  been  misal  against 
these  remedies,  which  act  s«v  rapidly  and  intensely  on  the  heart,  that 
they  may  be  the  cause  of  renewal  of  the  hemorrhage  which  has  just 
ceased.  Although  such  accidents  have  been  observed,  these  n^me^lies 
are  indisiiensable  iu  the  treatment  of  thrc^teaiug  or  actual   collapse^ 
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yet  they  are  naturally   to  he   eniploycil  only   iu  the  most   absolutely 
threatening  eondituju.s. 

A  supply  of  lieiit  must  be  eiirefVilly  prnvitleil  for  by  administration 
of  hot  drinks  and  the  warm  jjaek  ;  in  the  later  stages  of  convalescence 
the  patieuti?  beeonnj  cold   v(Ty  eiisily  and  deniantl   tiie.^e  themselves. 

Autotransfusioti ;  Transfiision  ;  Infusion, — Since  the  most 
serious*  re»uh  of  a  severe  heniorrliage  is  the  anemia  of  the  vital  organs^ 
fejieciidly  the  brain  and  htmrt,  it  h  obvious  that  the  blood  should  be 
Toreod  from  the  extremities?,  where  it  can  readily  be  ditspensetl  with,  by 
finn  bandaging  and  pos^tui-i-,  into  the  trunk  and  head  vi'ssels  {aido- 
transfumon).  Still,  if  there  is  immediate  dangtT,  as  shown  by  an 
iuipdpable  or  seareely  palpable  mdial  pulse  and  irregular,  slow,  super- 
ficial respiratii*n,  there  should  be  no  hesit;itiou  iu  taking  more  active 
goeasiires  :  either  traiuifimon — /.  e,^  iujecticai  of  blood  from  another 
individual  ;  or  infimon — /.  <?.,  injection  of  physiologic  salt  solution  or 
other  Huid  .substitute  (see  heluw)» 

The  innnediate  danger  to  life  after  severe  hemorrhage  is  due  (1)  to 
the  defective  oxygen-supply  in  the  organs,  esjieeially  the  brain  and  the 

lulla  oblongata ;  (2)  to  an  incomplete  tilling  of  the  vascular  system, 
liich  is  compensated  for  neither  by  resorption  of  ftuitl  from  the  tissues 
nor  by  a  higher  tension  of  the  vessels,  and  tiiuilly  leads  to  cessation  of 
cardiac  activity  even  when  this  is  not  paralyzed  by  the  nnemia  of  the 
meduHa  oblongata.  Transfusion  and  infusion  an:*  employed  for  both 
these  conditions. 

The  injection  of  fresh  blood  meets  both  the  conditions  best.  The 
injection  of  salt  solution  readily  fulfils  the  second,  and  ]K>rhaivs  jmrtly 
adds  in  making  up  for  the  detieii'ncy  in  oxyg^'U  by  favoring  the  transport 
of  actively  functionating  blood  elements  stored  in  the  blocKl- making 
organs  into  the  vessels. 

A  whole  series  of  metho<ls  for  the  transfusion  of  blood  have  l>een 
prt)pose<]  and  rejecteth  The  employment  of  animal  blcMKl  was  entirely 
given  up  when  it  was  found  that  the  serum  of  one  spec^ies  of  animal 
bju]  the  faculty  of  breaking  up  the  blood-eorpuscles  of  another.  The 
introciuction  of  the  bhwHl  of  a  healthy  man  may  be  aeeom[>l ished  intni- 
venously  or  sul^eutaneously.  The  subcutaneous  injection  of  delibriuatcd 
blood  is  much  more  si m pie,  and  is  not  associated  with  the  dangers  of 
intravenous  injection,  though  its  effect  is  not  so  raj>id,  and  only  a  portion 
(still,  accortling  to  Quincke,  the  greatest  portion)  of  the  blocnl  psLsses 
i>ver  into  the  circulatiijn  so  as  tr>  be  functionally  active,  the  rej»t  remain- 
iag  at  the  site  of  inje<?tion  to  undergo  destruction. 

In  opposition  to  Quincke,  the  writer  considers  it  doubtful  that  any 
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considerable  part  of  the  subciitaneouply  injected  blood  becomes  funo- 
tionally  active.  Moreover,  Bierirennd's  observations  would  sup|K*rt 
this,  in  tbut  tbey  sbow  that  the  regeneration  of  the  bhx»d  proceeds  no 
more  rapidly  after  a  sulxrntaneons  than  aftiT  an  ejcteraal  hemorrhage. 

Against  the  extensive  eniployoient  of  snbcutaneous  transfusion  is 
the  eiix'nmistanee    that    it  is  extrejnely    [miuful,   so  that,   according  to 
Ziemssen,  chloroform  narcosis  is  absolutely  neeea^ary  ;  and  thus,  in  the  ^ 
majority  of  cases,  would  demand  the  most  sierious  consideration.  ^| 

IninwetiouH  frauJifumon  fvf  blood  is  either  ibrtH't  av  indirect.  The  ' 
former  is  maile  in) mediately  from  a  vessel  of  the  person  giving  the 
bloml,  best  froni  an  artery,  into  a  vein  of  the  recipient.  The  conduction 
18  aeeomjilisheH]  by  ghis**  cannulas  tied  in  tlie  blood-vessels,  and  joined 
by  rubber  tubing,  Sonietimes  in  this  sinijde  ajipanitus  a  small  arrange- 
ment is  intrcnJuecd  by  whicli  the  anumnt  of  blorMl  can  be  nieiisured.  A 
more  accurate  descri}ition  is  not  rtHjuirod,  since  the  danger  of  clotting, 
wbieli  ean  never  l>e  absolutely  avoided  (see  beluAv),  strictly  forbids  its 
eniph^yment  in  man.  Similar  coohiderat ions  have  pre vent€?d  the  eommon 
practice  of  Ziemssen's  method  of  intravenous  transfusion  of  blood, 
tbougb  Ziemssen  experienced  no  dangerous  symptom  in  his  own  cases. 

Ziemfigen'S  pnK'edure  is  as  follows :  A  cannula  with  a  rubber  joint  is 

pluretl  in  a  vein  of  the  person  giving  the  blood  and  also  into  a  vein  of  the 
reeifuent.  By  means  of  a  syringe  containing  25  va\  the  bhMMl  is  transferred 
from  one  to  the  othen  A  fJermid  syringe  in  the  handa  of  an  assistant 
exj>edite^  the  nialter.  Between  the  injections  the  syringe  must  be  thoroughly 
cleansed  with  warm,  sterile  physiologic  sidt  solution. 

The  great  majority  of  transfusions  are  made  indirectly — i.  e.,  the 
fresh  blood  is  injectwl  only  after  complete  defibrination.  The  transfer- 
rence  of  clotted  particles  into  the  vein,  wdiieh  is  unavoidable  by  the 
methods  described,  may  prcxlucc  direct  occlusion  of  pulmonary  arteries  or 
their  branches,  or  he  the  cause  of  new  clotting  within  the  blood-vessel. 
This  danger  is  c<rmbatBl  by  injecting  blood  iireviously  defibrinated 
wherel»y  the  functional  activity  ^>f  the  red  hlo<3d -corpuscles  is  ii«jt 
influenced.  Yet  even  this  method  is  not  entirely  free  from  danger, 
since  severe  symptoms  of  intoxication  have  followed  its  employment. 
According  to  Schonlwrn,  these  disturbances,  which  are  attriinitable  to 
the  free?  fibrin  ferment,  may  be  avoided  if  moderate  quantities  (150  to 
200  gm.)  are  transfused  slowly. 

The  indirect  intra venoue  transfusion  of  blood  is  accomplished  as  follows  : 
The  venesected  hkmil  (alwut  »^00  to400c,c. )  is  caught  in  a  glass  vessel, 
held  in  a  water- bulb  at  almut  40^  C,  The  hlood  ta  at  once  defibrinated 
by  whipping  with  a  glass  rod  or  a  stick  till  n6  more  fibrillar  material  is 
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formed.  In  order  to  free  the  fluid  entirely  from  clots,  it  is  strained  through 
a  linen  cloth  directly  into  the  funnel  of  the  infusion  apparatus.  This  con- 
sists of  a  large  metal  cannula  with  an  olive-shaped  head  over  which  a  tube 
is  readily  ^tened,  and  the  other  end  of  this  tube  is  drawn  over  the  mouth 
of  a  small  glass  funnel.  As  in  ordinary  venesection,  an  arm  vein  is  now 
ooDstricted  and  the  point  of  the  cannula  pushed  directly  into  the  vessel. 
The  injection  is  made  slowly ;  elevation  and  lowering  of  the  funnel  readily 
allow  changes  of  pressure.  It  is  obvious  that  the  whole  operation,  even  to 
its  smallest  details,  demands  the  most  painstaking  asepsis. 

Attempts  to  make  the  transfusion  of  fresh  undefibrinated  blood 
feasible  by  means  of  certain  substances^  such  as  the  extract  of  leeches, 
which  would  render  the  blood  incoagulable,  have,  as  far  as  the  writer 
knows,  never  been  carried  out  on  man. 

In  discussing  the  effect  of  blood  transfusion,  a  separation  into  the 
momentary  and  lasting  effect  must  be  made.  The  former  is  often  sur- 
prising. The  pulse  rapidly  becomes  full  and  strong,  the  respiration 
regular,  and  even  the  subjective  improvement  is  marked.  In  brief,  the 
collapse  rapidly  disappears.  As  is  evident  from  corresponding  observa- 
tions with  salt  infusion,  this  result  is  due  entirely  to  the  introduction 
of  fluid,  and  is,  therefore,  transitory,  lasting  often  only  a  few  hours. 
We  can  not  readily  decide  whether  the  addition  of  foreign  blood  actually 
signifies  anything  toward  an  increase  in  functional  capability.  True, 
we  know  that  the  newly  introduced  red  blood-corpuscles  remain  viable 
for  some  time,  though  many  of  them  succumb  subsequently,  and  even 
the  primar}'  increase  in  the  percentage  of  hemoglobin  soon  falls.  The 
"siderosis''  of  the  internal  organs,  especially  of  the  liver,  found  by 
Quincke  after  transfusion,  points  sufficiently  clearly  to  the  fate  of  the 
injected  blood.  The  increase  in  hemoglobin  and  red  blood-corpuscles, 
moreover,  does  not  stand  in  a  direct  relation  to  the  quantity  of  injected 
blood  (Ziemssen),  but  remains  considerably  below  it. 

The  many  dangers  of  blood  transfusion  and  the  difficulty  of  finding 
a  suitable  person  from  whom  to  take  the  blood  in  the  moment  of 
danger,  have  resulted  in  its  replacement  by  infusions  of  physiolof/ic  saJi 
soltUion,  especially  since  its  absolute  harmlessness,  first  demonstrated  by 
Ponfick,  has  been  continually  confirmed. 

The  infusion  of  salt  solution  is  made  by  one  of  the  simple  apparatuses 
described  for  the  intravenous  transfusion  of  blood.  The  solution  should  be 
injected  at  about  the  temperature  of  the  body.  In  the  containing  vessel, 
therefore,  it  should  be  5  to  10  degrees  F.  higher,  since  it  undergoes  con- 
siderable cooling  in  the  funnel,  the  tube,  and  the  cannula.  The  amount 
injected  should  be  about  1  liter. 

The  subcutaneous  injection  of  salt  solution  possesses  no  particular 
advantage  over  the  intravenous,  and,  besides  being  very  painful,  does 
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not  iillow  such  a  rapid  intnxl action  of  large  qimiitities.     The  infra- 
clavicular regions  arc  ttie  most  satisfactory  sites  for  the  injection. 

A  third  method  of  adniinistmtion  of  physiologic  salt  soliitiim  is 
per  redum.  Warmann  re|>orts  that  1  t>o  2  liters  of  the  solution  are 
completely  absorlxni  within  4  J  minutes,  and  that  the  results  of  this 
uncommonly  easy  mcthoti,  which  may  be  carrietl  out  at  once  without 
prcjia ration,  are  not  inferior  to  those  of  the  infusion  and  subcutaneous 
injection,     v.  Meri ng  likewise  reaimmends  this  method  most  highly,     mM 

The  experiment!!!  and  clinical  literature  on  this  subject  is  extremely  ■ 
rich,  and  this  is  the  best  proof  of  the  importance  of  the  question.  The 
older  literature  is  found  collected  in  Heineke  and  L*  Lesser,  the  new  in 
Feis  and  Schonborn.  In  sj>ite  of  tlie  great  number  of  experiments, 
howe%^er,  the  question  is  still  actively  disputech  Investigators  like 
Maydl,  Feis,  and  others,  refuse  to  recognize  the  glowing  reports 
of  clinicians  as  a  proof  of  the  value  of  the  method.  In  their  experi- 
ments on  animals  they  were  unable  to  find  any  <Icgree  of  anemia  in 
which  it  made  any  difference  in  tlie  eventual  termination  whetlier  an 
infusion  of  salt  solution  was  employed  or  not  ;  in  fact,  whether  the 
animal  in  question  livel  or  dm\  def>cnde<J  entirely  on  the  size  of  the 
hemorrhage  and  the  individual  resisting  power.  Although  Feis  was 
able  to  demonstnite  graphically  the  very  favorable  influence  which  the 
injection  of  salt  solution  momcmtarily  exercised  on  the  circulation  and 
the  respiration,  since  both,  at  Icib^t  fur  a  tinie,  could  l>e  brought  back 
to  normal,  yet  this  iniprctvement  was  transitory,  lasting  t>n!y  several 
minut.es  to  several  hours,  and  eventually  the  animals  injected  were  in 
no  way  lictter  off  than  the  ones  which  had  hjst  a  similar  amount  of 
blood  and  had  nut  bet?n  tn^ated  with  the  infusion. 

Still,  such  a  number  of  glowing  results,  especially  in  suigical  and 
obstetric  cases,  can  he  contrasted  with  these  experiments  that  the 
infnsinu  of  salt  s<dntion  has  come  to  possess  on  iucomparably  greater 
practical  significance  than  transfusinu  ot  hlorxi.  Since  it  is  without 
danger,  it  is  possible  that  it  has  often  lieen  employeil  without  strict 
indic;ition,  and  that  some  happy  results  are  unjustifiably  attributed 
t'l  it.  Nevertheless,  any  one  who  has  seen  the  tninsformation  that 
infusion  may  cause  in  a  patient  whose  pulse  is  .scarcely  or  not  at  all 
palpalile,  whose  respiration  has  almost  ceasetl,  and  whose  reflexes  are 
alxilishtxl,  is  always  ready,  in  spite  of  all  ex jieri mentis,  to  make  tlie 
attempt  again  in  a  threatening  case.  Moreover,  as  demonstraleil  by 
Schonborn,  cases  occur  in  which  the  result  nf  the  infusion,  at  first 
transitory  and  replaced  after  a  short  intcrv^al  hy  the  old  threatening 
condition,  is  |>ermanent  only  after  repeated  injections. 
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[A.  E.  Taylor  and  C,  H*  Frazier'  liave  studied  the  effect?*  un  the 
blood  plasma  of  the  siiline  tmnsfiisiuns  following  homorrha^e.  Their 
experiments  were  mainly  dirtM-ttd  to  the  determiiiution  of  the  amount  f>f 
proteid  anil  sugar  id  the  plasma  before  utjd  after  traDsfugiion.  They 
found  a  rapid  restitution  of  tliese  importaut  uutritiv^e  suhstanecsj  and 
conclude  that  the  flow  of  the  lymph  in  tlie  tiioracie  duct  is  t<x>  shiggish 
to  acetiunt  for  the  restoration,  and  that  transfusitm  through  the  vessel 
walls  could  not  occur  to  a  sufficient  extent  to  account  for  it,  Ssince  the 
injection  sohitions  were  accurately  isotonic.  Hence,  l>y  inference  they 
conclude  that  the  prnteid  and  sugar  must  have  bi  en  de^ivt^d  from  the 
tissues  (liver,  muscles,  etc.)  by  direct  lavage^  The  jiractical  importance 
of  these  experiments  is  that  ihey  shnw  the  manner  in  which  such  trans- 
fikiioDs  may  aid  nutrition  at  critical  times,  not  alone  l)y  restoring  intra- 
vaflciilar  tension,  but  especially  by  the  direct  introduction  into  the 
circulation  of  nutritivT  materials. — Ed.] 

The  attempt  has  recently  been  made  to  substitute  for  the  solution 
improperly  called  '*  physiologic "  salt  solution,  other  fluids  i}(  varied 
composition.  For  instance,  Schiicking  employed  a  solution  containing 
8  per  c^nt.  sodium  chlorid  and  0.33  per  cent  sodium  saccharate,  and 
obtained  from  subcutaneous  and  intravenous  injection  magnificent  re- 
sults in  several  cases  of  severe  acute  anemia. 

From  the  preceding  the  following  may  be  taken  as  a  summar}* : 

(a)  The  indication  for  transfusion  or  infusion  arises  on  the  occurrence 
either  of  a  hemorrhage  which  e^^m  not  be  chetiked  by  any  other  means  or 
of  a  collapse-like  condition  foUowing  a  severe  hemorrhage  in  ^vhich  the 
radial  pulse  is  thready  or  impaljiable,  the  respiration  sujwrficial  and 
iiregiilar,  and  the  reflex  irritalulity  very  much  diminishcil  or  abolishetl. 

(6)  If  the  danger  is  so  great  that  any  delay  may  be  fatal,  we  make  a 
auljcutaneous  or  intravenous  or  rectal  injection  of  physiologic  salt  sohi- 
lion  or  sodium  saccharate  solution,  and  rei>eat  it  several  times  in  case 
of  a  renewal  of  the  collapse. 

(c)  If  there  IS  sufficient  time,  if  everj^thirig  is  ready  at  hand,  and  a 
healthy  man  from  whom  to  take  the  Wood  presentj^  himself,  the  intra- 
venous transfusion  of  defibrinated  blorKl  is  to  be  donf\ 

Dietetic  Treatment, — If  the  patient  has  passed  the  danger  of 
miocumbing  to  the  immediate  effects  of  tlie  hemorrhage,  the  therapy 
sliould  be  directed  to  promoting  the  efforts  of  the  organism  in  the 
rr^oeration  of  the  blood,  and  especially  to  the  prevention  of  every 
circamstanee  that  would  disturli  this  process. 

From  what  has  been  said  as  to  the  functional  weakness  of  all  the 
'  Cbnin&ul»oi»  of  the  William  Pepper  Laboroiort^  of  VliniGal  Medicine^  19(K); 
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oi^gans  in  a  severe  acute  anemia,  it  is  obvious  that  every  bodily  effort 
ghould,  as  tar  as  posf:>ible,  be  avoided.  The  importance  of  mental  rest 
has  been  several  times  insistefl  on^  and  it  must  be  reckoned  on  in  the 
choice  of  a  suitable  8ick-rix)ni,  nurse,  etc.  , 

On  account  of  the  eanJiac  changes  it  follows  thiit  all  muscular 
activity  which  might  produce  an  immediate  rise  in  tlie  frequency  of  the 
pukcj  or  even  mild  dyspnea,  must  be  avoided.  Thereforej  not  only  on 
account  of  ,a  {>ose!bIe  recurrence  of  the  hemorrhage,  but  also  on  account 
of  the  danger  of  csirdiac  collapse^  a  physic  examination,  which  would 
necessitate  an  upright  or  strained  positii>n  on  the  part  of  the  patient, 
should  be  entirely  omitted  or  extremely  limited.  ^1 

Special  attention  must  be  paid  to  the  time  when  the  demand  for 
absolute  rest  ceases  and  gives  way  to  a  feeling  of  renewed  strength 
which  does  not  ci^rrespond  to  the  actual  power,  and  may  he  the  cause 
of  dangerous  accident.  From  the  tirst  time  the  patient  sit^  up  till  he 
letiv^es  the  lied  and  takes  his  tirst  walk^  the  pliysician  must  see  that  no 
demands  are  made  on  the  muscular  power  to  which  the  heart  responds  ^^ 
abnormally.  UM 

The  question  of  nutrition  usually  presents  no  difficulties  unless  the  site 
of  the  hemorrhage*  (giistro-intestinal  hemorrhage)  demands  sjiecial  regula- 
tions. The  tormenting  thirst  present  immediately  after  the  hemorrhage 
lasts  at  most  one  or  two  days,  and  is  quieted  by  frecpient  small  quanti- 
ties of  cool  drinks  or  pellets  of  ice*  The  administration  of  large 
quantities  of  fluid  after  a  a  internal  hemorrhage  nmst  be  avoided  for  fear 
of  a  recurrence  or  at  least  of  a  too  sudden  overloading  of  the  circulation. 
In  tiie  beginning,  the  thirst  should  be  taken  advantage  of  to  introduce 
nourishmeot,  especially  cwjI  milk.  The  premature  employment  of  con- 
centmted  alcr»hf»lic  drinks,  strong  tea  or  coffee,  must  he  warned  against. 
Even  with  bouillon,  which  liolds  such  a  high  place  in  dietetics,  the 
writer  has  observed  unfavonible  excitement  of  the  heart,  annening  even 
to  the  patient  liimst^f  when  administered  in  concentrated  form  or  at  too 
short  intervals.  The  voraciousness  which  comes  on  after  a  few  days  is 
naturally  not  to  be  yielded  to,  and  the  amount  and  kind  of  food  must 
be  limited-  The  frecjuent  administration  of  small  quantities  is  to  be 
preferretl  to  less  frequent  larger  meals.  The  transition  from  liquid  diet 
to  ordinary  food  is  accomplished  gradually.  At  first  we  add  to  the 
milk,  rice,  grits,  and  mondamin,  then  lightly  baked  articles  like  roasted 
;5wieback  and  biscuits  ;  eggs  buileil  soft  or  hard  and  finely  divided  j 
later,  fat  in  the  form  of  butter  or  with  vegetables  like  asparagus,  spinach, 
and  cauliflower.  Of  meats  we  may  give  first  ham,  white  meat,  and 
game,  though  at  the  beginning  cut  up  small  in  soup. 
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IfasBAge  play^  but  a  very  slight  nMe  in  tFentment,  and  should  be 
avoided  till  the  recovery  of  considerable  strength. 

Remedial  Treatment. — Medioaments  are  generally  indisjien- 
ttbk;  for  instauoe,  anorexia  or  dyspepsia  may  be  due  to  a  dimiuutioo 
in  the  gai^tric  juit-e  (see  above),  and  call  for  the  adniuiistration  of 
hydrochloric  acid.  Yet  when  associated  symptoms  like  neuralgia  or 
general  nervous  exoiteraent  necessitate  the  employment  of  suitable  drugs, 
the  susceptibility  of  the  anemic  organism  must  not  be  foi^otten,  and 
the  dorsics  made  correspondingly  snuill. 

The  role  played  by  the  mlmmiiitjntion  of  iron  \a  not  so  great  in  acute 
anemia  as  in  other  aneraic  conditions  ;  nevertheless,  since  this  impjrtant 
c|uestian  is  here  touched  on  for  tlie  tlic  lirst  time,  the  opportunity  is 
takeo  of  showing  its  present  position. 

The  stiitement  is  not  extravagant  that  there  is  a  unanimity  among 
physicians  in  regard  to  scarcely  any  other  question  such  as  that  in 
Teganl  to  the  effectiveness  of  iron  in  many  anemic  conditions.  In 
sinemia  iron  is,  moreover,  capable  of  pnn hieing  its  effect  %vhen  no  other 
therapeutic  prooeclures  are  used.  This  is  shown  by  hundreds  of  obser- 
vations made  by  practical  physicians  ior  gt^ncratlons,  and  it  has  been 
ugain  and  again  demonstnite^l  by  Ciireful  investigation  in  hospitals. 
In  many  of  these  instances  every  effort  was  made  to  remove  all  possible 
BoaroeB  of  error ;  for  instance,  the  improvement  was  determined  by 
accurate  estimation  of  the  increase  in  blood-corpuscles  and  licmoglol>iri  ; 
further  by  comparisons  of  the  results  in  patients  treated  with  iron  and 
in  those  treatetl  by  other  niethcwls  ;  and  jiatients  were  even  treated  for 
«  time  without  iron,  and  it  wils  shown  that  the  mj>id  improvement  first 
.net  in  with  its  administration  (v.  ZiemsseUj  GraelK-r^  Hale  White^ 
Sto(.^kman,  XXII.  Congress  of  Internal  Medicine,  Nathnagel). 

Extensively  as  iron  therapy  has  l>een  practised  by  physicians,  physi- 
ologic and  pharmacologic  investigations  have  brought  firwanl  but 
few  fiicts  indicating  its  manner  of  action.  The  numerous  investigations 
of  the  last  ten  years  were  stimulate*!  by  Bunge,  who  disputed  every 
effect  of  iron,  and  claimed  that  all  the  results  of  clinicians  were  due  to 
soggestion.  It  is  impossible  to  go  into  detail  in  rcgani  to  the  different 
pliases  of  this  investigation,  and  the  writer  therefore  refers  to  the  com- 
ph*te  monograph  devoted  to  this  subject  by  Quincke  in  1895, 

Quincke's  eminently  successful  monumental  treatise^  by  putting  the 
fiuestion  on  a  new  basis,  has  determined  the  tlirection  of  the  work  of 
late  years.  This  period  furnished  the  investigations  of  Maciillum, 
WfJtering,  Kunkel,  W.  S.  Hall,  Gaulc,  Hochhaiis  and  Quincke^  and 
Hofmann^  to  which  we  owe  the  positive  proof  ol'  the  fact  disputed  by 
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BuTige,  that  iron  in  remedial  (lota's,  in  both  inorganic  and  oi^nic  form, 
h  absorbed  from  the  intestine.  We  know  now  that  in  raao  (Hofroann) 
as  well  as  in  experimental  animals — ^rats,  mice,  rabbits,  guinea-pigs 
— iron  is  absorbed  iMrticnlarly  from  the  duodenum,  but  also  in  sliglit 
amounts  from  the  jtjunum  and  stomach  (Hari),  We  know  further 
that  the  absorbed  iron  enters  tlie  cirtndation  by  way  of  the  lymph-tmet, 
and  is  rapidly  stored  in  great  part  in  tlie  spleen  ;  a  smaller  portion 
being  taken  up  by  the  liver-eells  and  tiie  bone-marrow.  These  investi- 
gtitions,  nioreovtr,  agree  iu  shuwing  that  the  imn  is  exereted  especially 
by  t!ie  enlon,  in  smaller  amounts  by  the  rectum,  and  in  iusigniiieaot 
nuantities  by  the  kidneys.  This  slight  elimination  by  the  urine  explains 
why  the  occurrence  of  absorption  was  denied  for  such  a  kmg  time. 

l^^irther  than  this  investigation  has  not  advanec*d^  and  we  can  not 
deny  that  our  knowledge  of  absorption  and  elimination  teaehe^  ub  very 
little  in  reganl  to  the  mtide  i>f  assimilation  c»f  the  iron  and  of  the  elabo- 
ration of  the  hemoglobin.  It  is  not  Vi^ry  probal>lc  that  I  he  iron  stored 
in  tlie  spleen  and  liver  is  directly  employed  in  the  ft>rmation  of  hemo- 
globin ;  on  the  contrary,  the  assrmiption,  first  suggested  by  v.  Noonlen, 
seem.s  nnicli  more  pkmsible,  nanuly,  that  tlie  iron  exercises  a  direct  irri- 
tative action  on  the  function  oi'  the  blood-making  organs. 

In  later  eomnumications  (see  Hausermann)  Bunge  acknowledges 
the  absorption  of  inorganic-  and  organic  iron  preparations  from  the 
intestine,  but  insists,  on  the  ground  of  animal  i-xperimentation,  that  iron 
has  not  a  cumtive  influence  in  anemic  cttnditions.  He  contends  that 
only  the  iron  contained  in  the  fixxl  is  cainiblc  of  increasing  the  hemo- 
rrlolfin  of  the  blotMiL  The  Runge-Hruisernumn  experiments  were  doue 
parti^'ularly  on  animals  made  ani-mi*-  by  tlie  exclusive  administration  of 
nonrisluncnt  paoT  in  inm  (milk  and  rice).  Having  been  brought  inU> 
an  anemic  condition,  tlie  animals  received,  in  addition  to  the  nourishment 
jKK>r  in  iron,  iron  iji  medicinal  fonn,  yet  the  atiemla  improved  but 
slightly.  A  mixetl  nourishment  with  a  normal  amount  of  iron,  on  the 
c<mtrar}%  did  away  with  the  imjKiverishmcnt  in  hemoglobin  in  a  short 
time,  Bunge  bad  the  same  results  in  animals  made  anemic  by  rejteateil 
veneKec'tions. 

These  animal  ex[)eriraents  can  be  regardal  only  as  a  jiroof  of 
the  ineftlcieney  of  inm  in  those  rare  forms  of  anemia  which  have  a 
similar  jMithngenesis,  That  there  are  certain  anemic  conditions  in  whii-li 
iron  is  uj*i/less — 1\  r/*,  progressive  pernicious  anemia^ has  been  recognized 
by  clinicians  of  every  age.  Bunge *8  ex|ieriment8,  therefore,  signify  but 
little  in  the  greater  number  of  anemic  conditions,  since,  ncf'onling  tc» 
the  majority  of  clinical   observations,  es|MH*ially  thos*'  on  ehl<n\tsis.  they 
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^^  ioapplicable.     Chlorasis  am  only  excepttonally  l>e  peferretl   to  urn 

ifii^uffic'ient  amount  af  irati  in  tlje  iitmririhment,  nor  t^n  its  condition  be 

*^^pfove(l  by  selectL-d  fbml  ricli  in  iron,  while  the  adniiiiir^tratioii  of  iron 

'^  medicinal   iotm  ijuickly  produt't^ti  complete   ivct^veiy  without  utteo- 

^*^o  to  the  nouri>shment. 

f'^'rt^Qi  these  iuvei^tigiitlons  the  practieal  requirement  is  obvious  that 

the  different  torras  of  uuemia  shouhJ  be  differentiated  from  one  another 

'w  Ofxier  that  the  CfMiilitions  in  which  iron  tlienipy  is  useless  and  is  to  be 

'^/Jitc^tl   liV  [>ro|H'r   diet,  he   separated    IVom    tliose   in   which   only   the 

meJi^i,,^!  adraiuistraticin  of  iron  is  ejipable  of  prodiicin|^  a  regtnieration 

<*'  ^l^e  hemoglobin  wntli  or  witliout  change  iu  diet. 

-«V.cute  j>o«st-heni*nThagic  anemia  omluubtedly  l^elongs  to  those  condi- 

tiotm^^  ill  which  a  niixe^l  diet,  esiieeially  of  vegetables  ricli  in  inui,  eggs, 

^^        rtieat,  quickly  proclucen  a  regeneratiiju  of  tlie  bloLnL     Still,  Eger, 

^"^>    niade  special  experiment-^  *Mi  animals,  claims  that  the  addition  of 

me^3.  ii'inul    iron   to  nourishment  rich   in   iron  hastens  t lie  improvement. 

1^  ^^5^,  therefi»re,  well  since  iron  can  not  di>  harm  wlien  rationally  admin- 

i^^t*ed  unle:?s  an  ahndme  iditjsyncrasy  exists,  to  hasten  the  cure  by  its 

^"'^liiiistration  in  tliosi*  ease.s  of  acute  |MiKt-liem<iriiiagie  aiicmia  in  which 

^^  restitution  of  the  hemnglobin  ap|>mr8  retanleJ. 

The  kind  of  prej^uration   and  the  amount  administered   is  of  the 

peatest    importance   for  the  sncceKS  of  the  therapy*      Attention   has 

ret^mly  I>een  divertal  from   the   innumerable   new  complit^ite*!  organic 

preparations   of  iron   eontiunaily    lieiiig   advoeatetl   to   the   remarkable 

results  obtained  by  tlie  older  physicians  with  the  inorganic  pre|>aratious, 

e^'iaUy  ferrum   reductum,  ferrum  carbnnienm,  etc.     Still  it  must  be 

confea^^eil  that  among  the  new  prcparaliuns  there  are  a  imralxM'  wbicli,  in 

cootra^  to  the  old,  irritate  the  sti>maeli  and  intestine  but  little,  and  are 

agreeable  in  taste.     Tliere  are  no  differences  between  the  two  classes  as 

to  the  m<xle  and  extent  of  tlie  eventual  elfect,  since  the  majority  of 

*' Clonic"  eombiuatiuns  of  iruii  (allmmiuate-^,  jH-jftonates)  are  oxidized 

in   the   intestine,  and   are   then   under   tht*   siitne  conditions,  as   far  as 

absorption   is  concerned,  us    rhe   inorganic   pre[>aratiiins.     Only  a  few 

highly  constituted  condiinations,  like  hemoglobin  itst^f,  or  substances 

allied  Ut  it,  like  ferrtttht^  mrntfervhu  an<I  i>thers,  retain  the  inm   niole- 

cale  in  the  intestine  imd  set»m  to  be  es|)eeially  easily  ahsorVjctl  (Quincke). 

It  19  im|K)ssible  fin'  a  physician  to  posK'ss  a  pcrsimal   knowledge  of 

all   the  numerous  preparations  on  the  markets     It   wt»uld  scaiv^ely  be 

jnstiliabley  thei'efore,  to  innint  on  those  which  the  writer  has  employed 

with  j«uceess.     Still  he  would   like  U\  recall  the  fact  that  the  old  n:*me- 

dka  of  the  pharmact^peia  (piltihu  Blandii,  tinctum  Bcstuehelh,  etc.)  are 
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ondoiibtedly  capable  of  exercising  very  fiivorable  effects.  Modern 
combinations  seem  to  avoid  their  evil  effects,  yet  it  must  be  remem- 
bered that  to  administer  sufficient  iron,  certain  of  them  must  be  given 
in  drj«ies  that  are  just  as  harmful  to  the  stomach  and  intestine,  and  much 
nv>re  expensive. 

As  a  necessary'  requirement  even  the  older  clinicians  insisted  that 
the  metal  shriuld  not  be  administered  in  too  small  doses.  At  the  pres- 
ent day  abciut  0.1  gm.  of  metaUic  iron  is  generally  considered  as  the 
proper  daily  dose.  Quincke  and  v.  Noorden  showed  in  a  detailed  table 
what  quantity  of  the  different  oiganic  and  inorganic  preparations  con- 
tained 0.1  gm.  of  iron.  Among  the  highly  constituted  compounds, 
camiferrin  and  ferratin  occupy  the  first  place,  0.33  gm.  of  the  first, 
1.54  gm.  of  the  second  containing  0.1  gm.  of  iron.  The  same  amount 
is  contained  in : 

0.10  gm.  of  ferr.  reduct., 

0.16  "  of  ferr.  sulph., 

2.80  "  of  tct.  ferr.  chlor., 

7.00  "  of  tct.  ferr.  pomata, 

25.00  "  of  liq.  ferr.  albuminat  (Phar.  Germ.), 

3-4  "  of  pilul.  ferr.  aloet., 

5  "  of  pilul.  Blaudii. 

On  account  of  the  fact  that  the  internal  administration  of  iron  fre- 
quently produces  gastric  disturbances,  in  the  shape  of  pain,  tenderness, 
loss  of  appetite,  and  nausea,  the  attempt  has  been  made  (Glaevecke)  to 
introduce  the  remedy  sul)cutaneously.  The  preparation  employed  was 
femim  citricum  oxydatum.  The  injection  was  made  into  the  buttocks 
or  the  thick  musculature  of  the  back,  and  produced  only  a  slight  burning 
pain  and  a  tend(»mess  at  the  site  of  injection,  lasting  twenty-four  hours. 
According  to  the  reports  of  the  author  and  several  other  clinicians,  the 
results  were  at  least  equivalent  to  those  observed  afler  administration 
by  the  stomach.  Still  this  method  has  not  l>ecome  common,  very  prob- 
ably l>cc:iU8o  there  an*  sufficient  preparations  at  our  disposal  capable  of 
Iwing  administered  without  evil  effects  to  the  most  sensitive  individual. 
Moreover,  awording  to  Jjcwin,  gastric  disturbances  occur  even  on  sub- 
cutan(»ous  administration.  These  undesirable  effects  are  best  avoided 
by  administering^  the  iron,  no  matter  what  its  form,  a  short  time  after 
meals,  never  on  an  empty  stomach. 


SIMPLE  CHRONIC  ANEMIA.  185 

SIMPLE  CHRONIC  ANEMIA. 

With  the  exception  of  chlorosis  and  Biermer's  anemia,  all  chronic 
toemias  are  only  accompanying  symptoms  of  some  other  pathologic  con- 
dition, and  are  considered  therefore  under  the  general  head  of  Symp- 
tomatic Anemias.    This  classification  corresponds  only  partially  with  that 
^hich  subdivides  certain  anemic  conditions,  the  result  of  diseases  of 
Various  organs  or  of  the  general  constitution,  under  the  broad  designa- 
^on  secondary  anemias.     For  in  a  certain  sense  acute  post-hemorrhagic 
^^  ^^cU  as  the  severe  bothriocephalus  anemia,  and  possibly  also  chlorosis^ 
shoiild  be  termed  secondary  diseases ;  though  as  a  matter  of  fact  the 
*'*€Mxiia  in  these  cases  is  so  pronounced  and  shows  such  a  specific  indi- 
^<l^xality  that  it  can  no  longer  be  r^arded  as  a  symptom  of  the  hemor- 

™^^ge,  of  the  helminthiasis,  etc.,  but  must  be  considered  an  independent 
dig 


[Floyd  and  Gies  *  described  a  case  of  severe  simple  anemia  in  a  girl 
^*     nineteen.     The  blood  count  showed  750,000  red  blood-corpuscles ; 
'^Oo  white  blood-corpuscles,  12  per  cent,  of  hemoglobin.     After  fifteen 
^^i3ths  treatment,  the  blood  recovered  normal  characters. 

In  the  same  connection  certain  severe  anemias  in  which  hypoplasia 
*     the  marrow  has  been  discovered  may  be  alluded  to.     Ehrlich  him- 
^If  first  described  such  a  case  in  a  woman  aged  twenty-one  years,  in 
^llich  extensive  hemorrhages  into  the  tissues  and   from   the  mucous 
^^mbranes  were  the  dominating  clinical  manifestations.     The  red  cor- 
puscles were  reduced  to  213,300   j)er   c.mm.,  but   no  nucleated   red 
^rpuscles  could  be  found.     The  leukocytes  numbered  only  200  per 
c.mm.,  of  which  80  per  cent,  were  leukocytes,  6  per  cent,  large  mono- 
nuclears, and  14  per  cent,  polymorphonuclear  neutrophiles.    At  autopsy 
the  marrow  was  found  yellow,  having  therefore  failed  to  respond  to  the 
demand  for  increased  function.     Similar  cases  have  been  observed  by 
others.     In  minor  grades  this  condition  of  aplastic  anemia  is  doubtless 
not  .uncommon. 

Robert  Hutchinson,^  in  in's  lectures  on  anemia  of  childhood,  refers  to 
a  condition  of  interest  here.  I.«eaving  out  of  consideration  cases  of  mal- 
nutrition, wasting  diseases,  etc.,  the  author  believes  there  is  a  residuum 
of  cases  in  which  anemia  can  not  be  accounted  for,  and  he  reports 
briefly  the  features  of  4  such  cases.  The  health  of  the  mother  is 
naturally  inquired  into,  but  in  these  and  similar  cases  he  has  not  found 
any  connection  between  these  and  the  anemic  state  of  the  children.  He 
notes  the  fact  that  the  blood-making  function  is  independent  in  mother 
'  New  York  Med.  Bee.,  April  27,  1901.  «  Lancet,  May  7-14,  1904. 
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and  child.  In  2  of  the  caries  reported,  the  mother  had  voluDteered  the 
statement  that  the  appearance  of  the  anemia  had  been  preceded  by 
severe  jaandioe,  and  the  author  thinks  there  may  have  been  an  unusual 
amount  of  blo<^  destruction  for  which  the  blood-making  organs  ciOuM 
not  ei>mpeiisale.  The  prolonged  use  of  iron  in  these  cases  of  congenital 
anemia  does  not  correct  the  condition,  and  he  believes  that  there  is  a 
congenital  fleficiency  in  bone-marrow.  He  refers  to  the  case  of  Muir/ 
in  which  such  deficiency  developed  in  a  boy  of  fourteen. — Ed.]. 

In  the  introduc*tiou  to  this  part  of  the  book  this  general  i«tatement 
of  the  origin  of  anemia  h  given  :  An  anemia  h  the  result  «»f  a  dispro- 
porti^m  lietwetfu  bl^jod  formation  and  blood  consumption.  In  case 
decrBSiJi'  of  the  first  or  increase  of  the  second  is  responsible,  the  writers, 
M^ith  Iftjmermann,  speak  respectively  of  a  "hypoplastic^'  or  a  "cod- 
sufnptive  '*  anemia*  If  both  factors  act  together,  a  "  complete  "  anemia 
h  spoken  of. 

^V|iart  from  post-hemnrrhagic  anemia,  which  may  be  regarded  as 
tiie  i»ure«t  type  of  the  consumptive  form,  only  complex  anemias  are 
aeen  in  practice,  even  though  in  one  case  the  increased  consumption,  in 
anotlrer  the  decreaj=ied  blood -formation  exercise  the  great^t  influence* 
Id  fact,  in  the  majority  of  cases  the  pathologic  pnicesses  are  so  varied 
and  to  a  great  extent  so  obscure  that  it  is  imp>ssible  in  individual  cases 
to  express  an  aljsohite  opinion  us  to  the  consumptive  or  hy|>oplastic 
nattire  of  the  anemia,  esj>er'ially  since  the  different  pathogenesis  lendi^ 
no  chametoristics  to  the  dis<r*ise-picture.  Hay  era,  therefore^  properly 
insists  that  it  is  impossible  to  classify  the  chronic  anemias  from  the 
alterations  in  the  b!o<Ml-piclur*\,  and  ckim*  that  the  differences  are  only 
in  degree,  and  that  every  cause  which  ciin  produce  anemia  may  prtHluoe 
either  a  mild  or  severe  form,  so  that  from  the  severity  of  the  disease  no 
conclusion  can  be  drawn  a*^  to  its  etiologj\ 

In  a  comprehensive  discitsskm  of  the  simple  chronic  anemias,  there- 
tore,  it  apjiears  iidvisal^lo  tn  sulKlivide  the  s|KH^ial  etiologic  factors,  but 
to  discuss  the  symptoraiitolng>*  of  the  whole  group  ti^gether,  taking  up 
only  s|iecinl  jK?culiarities  of  the  bloml  or  of  the  clinical  picture  sepa- 
rately, ^y 

Simple  chronic  aneniiu  occurs  r  ^B 

a,  after  frequently  repeated  hemorrhages ; 

^,  i>n  continue*!  undernourishment  and  as  the  effect  of  other  &ctorf 
oontrar}^  to  the  re<inirenients  nf  liygienc  ; 

jr,  in  assf»ciation  with  and  as  the  result  of  other  diseases ; 

8f  after  acute  and  ehn)nic  intoxications. 

^  Brit.  Mtd.  Jour.,  Sept.  29,  1900, 
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THE  ORIGIN  OF  SIMPLE  CHRONIC  ANEMIA. 
Subacute  and   Chronic  Post-hemorrhagic  Anemia.~Iii 

the  diiR.'iissiim  of  lu-ute  anemia  we  .saw  that  evt^n  small  liis;js.',s  t>f  birmd 
/50  ce.)  produced  evident  changes  in  the  blood  of  adults,  though  a 
healthy  orw^anism  readily  returned  to  uonnaL  Yet  if  in  a  eomjuimtively 
short  space  uf  time  even  the^^e  t^mall  hemorrhages  were  freijoently  I'e- 
peated,  the  power  of  regeneration  often  proved  insufficient  and  a  chronic 
anemic  condition  developed  as  a  consecjuence.  Such  chronic  hemor* 
rhages  are  produced  by  numerous  causes. 

Apart  fmra  rare  einises  we  may  mention  :  1,  Ej»istiixis,  which  as 
a  rule  is  produc4xl  by  some  general  diiiturbance  of  the  eirculatii^n, 
hcTnophilta,  ulceration  of  the  mucous  memliraue^  etc.  ;  I^,  pulmonary 
hemorrhagi*s  (in  phthisical  patients)  which  arc  differentiated  fn)ni  othei*8 
of  this  group  by  their  intensity  ;  3,  hemorrhages  within  the  ititestinal 
tract  pnxhiced  by  parasites  (Ankyh)stomum  duodenale),  ulcus  ventriculi 
et  duodeni,  maliguaut  tumors,  hemorrhoids^  ;  4,  in  women  hemorrhages 
from  the  genitalia  produced  by  abnormal  increase  of  nienstruatiou  or 
iaflammatory  processes  or  tumors,  espwially  myoniata  ;  o,  venical  hem- 
orrhage from  cystitis  and  tumors  ;  *j,  different  forms  af  the  general 
hemorrhagic  diathesis. 

In  only  a  few  cases  of  this  gmup  can  tlie  actual  etfect  of  the  hem- 
orrhage be  observed,  since  in  the  majority  the  picture  is  confused  by 
compliciitions  like  fever,  lack  of  nourishnfcnt,  ami  iutoxi<*ations.  Still 
certain  conclusions  have  been  reached  from  animal  experiments. 

The  effect  of  repeated  heraorrhage,>  on  the  organism  is  obviously 
d^ided  by  tw^o  factorn  :  1,  The  size  of  the  individual  hemorrhages; 
and  2,  the  rapidity  w^Jtli  which  they  follow  one  another. 

From  the  writer's  experience  in  reganl  to  the  regeneration  of  tlie 
blood  after  a  single  hemorrhage,  it  is  evident  that  very  gt^eat  losses  nmy 
be  entirely  n^placed  m  a  reasonably  shcut  time,  iloreover,  Quincke 
h&A  shown  that  almost  double  the  entire  amount  of  bhtod  may  lie 
gradually  withdrawn  frcjm  dogs  in  the  course  of  four  or  Hve  months 
and  be  completely  restorecl.  The  necessary  recjuirement  for  this  com- 
pensation irt  the  allowing  of  a  sntHcient  interval  between  heniorrhagea 
for  a  complete  regenemtion.  In  man  exact  statistics  are  wanting,  yet 
repeated  clinical  experience,  esjiecially  from  ijlden  times,  when  venesec- 
tion was  in  vogue,  would  seem  to  indicate  that  even  repeated  great 
108668  of  bUHM:l  leave  behind  no  chronic  alterations  when  the  intervals 
between  the  individual  hemorrhages  are  long. 

'  It  may  be  mentioned  here  that  several  writers — f.  ^.,  EhiD in— regard  ehloronis  an  a 
l«mh  of  repeated  small  loeciea  of  blocxi  wilhin  the  mtestinal  trjict. 
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Other  effects  mitu rally  come  into  play  when  a  sc-coiid  loss  of 
oocui-s  befiire  complete  regeoemtion.     Under  thc^e  ciivumstaiioes  e<iii- 
siderably  smaller  lo8i?€8  than  Quincke  found   necjessary  in  his  expcri^M 
rnents  no  animals  can  produce  severe  chronic,  even  irreparable,  injury 
to  the  organism.  ^ 

How  great  an  amount  of  blr»od  a  man  can  lose  by  frequently  f^e-^f 
|K3ate<l  hemorrhages  iu  a  com |>a rati vely  short  time,  cxin  naturally  not  be 
determined  evtii  apprnximately,  Alexaudrew,  a  Russian  physiciaD, 
who  was  affeeted  with  |ihthisis  and  freipu-utly  sufferetl  frtmi  hemoptysis, 
measured  every  time  the  amount  of  hlotid  lost,  aod  claims  he  lost  in  sixfl 
and  a  half  months  about  20  kg.  blo<xl — i,  e,j  with  a  body  weight  of 
H-5  kg,,  about  four  times  the  entire  amount  of  blon^L  Yet,  according 
to  his  own  report,  he  recupemted  fully*  That  coutiimed  inssignificant 
losses  of  blotMJ  following  one  another  at  not  very  great  intervals  must 
Wad  to  a  chronic  anemic  condition,  is  evident  from  the  general  effe<!t 
of  hemorrhage,  which  is  diseusseil  under  Acute  Anemia,  As  long  as  the 
regeneration  continues  to  be  interrupted,  so  long  will  the  blood  be 
unable  to  attain  its  full  value  in  individual  cimstituents.  If  then  the 
hemorrhage  e%*entually  ceases,  tlie  restitution  pnx*eeds  much  more  slowiy 
than  after  a  similarly  severe  acute  anemia.  Thus  it  has  been  shown  in 
experiments  on  animals  that  the  j>eriod  requirctl  for  complete  restoration 
is  greater  the  mf»re  frei]Ucntly  the  licmorrhage  is  re|)eated.  Laache  com* 
paretl  corresponding  clinical  observati^uis  with  one  another.  He  found, 
for  instance,  in  a  aise  of  acute  post-hem orrhagic  anemia  that  the  number 
of  blc*od-corpusch*8  increased  within  two  months  from  l»fjOO,000  to^| 
normal,  while  an  increase  from  2,0011,000  to  normal  in  a  case  of  hem-^ 
orrh^iids  iu  wliich  anemia  was  |jroduce<l  by  frequent  hemorrhuges  oc*'ur- 
ring  over  years,  required  eight  months,  although  no  new  hemorrhages 
occurreil  after  the  licginning  of  observation.  ^ 

Morever,  beyond  certain  Hmits,   the  organism  is  incapable  of  com*^" 
pensating  for  alterations  produced   by  repeated   hemorrhages ;  though 
individual  differences  in  this  reg^ird  are  marked. 

If  the  strength   of  the  body   is  broken   down,  a  chronic  anemi 
develops  which    can    1k^  differentiated  from  the  simple  chronic  anemias' 
of  different  origin  by  no  sptx^ial  characteristics,  and  its  symptoms,  there- 
fore, will  l>c  descriluxl  later  in  common  with  those  of  the  whole  group. 

The  Orig^in  of  Simple  Chronic  Anemia  Through  Un- 
favorable Hy^enic  CoJiditioiiS- — The  group  of  post-hemor- 
rhagic  anemias,  the  etiology  and  pathogenesis  of  which  are  known  from 
clinical  observntion  and  experiment,  is  follnwed  by  another  very  impor- 
tant group  referable  to  the  protracted  action  of  unfavorable  hygienic , 
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urcmditions,  though   the  particular  causative  factors  are  not  very  clear, 
r^cvLTtheless,  from  a  careful    study  of  the  ananiueses  iu  tht'se  caseh  it 
xi.p[>trar:5  obvious   that  not  one  fa(*tor  alone,  hut  several  acting  t<»gether, 
produce  the  alteration  in  tlie  blood,  since  it  is  scarcely  ever  jiosj^ible  to 
^-mint  to  the  violation  of  only  one  hygienic  condition.     The  most  frequeat 
examples  are  found  among  the  laboring  elusses  in  the  hirge  cities,  when 
^he  anemia  may  Ix*  regardetl  iu>  the  result  of  all  the  liarmful  influences 
^%>rith   which  the  wtrugglc  for  existence   is  associated  :  An   insufficient 
a^unonnt  and  p(7<jr  quality  of  fixnl  ;  dwellings  which  with  their  want  of 
light  and  pure  air  contradict  all  hygienic  requirements  ;  excessive  bodily 
efforts,  institficient  recreation,  and,  in   addition   to  these  physical  ills, 
mental  care  and  tn)ublc.     The  protnicted  aetiun  of  this  multiplication 
^f  ills  leads  in  predisposed   individuals  to  all  sorts  of  organic  disease, 
and  in  the  strongest  may  undermine  the  resisting  power,  with  the  pro- 
duction of  a  chronic  anemia.     Though  these   relations  are  known  not 
only  to  every  physician^  but  also  tt>  every  intelligent  person,  and  seem 
ft  txiatter  of  course,  an  exact  scientiiic  analysis  of  them  has  not  been 
tuooeeaful,  in  fact,  has  scarcely  been  attempted     The  chief  reason  for 
this  lies  in  the  fact  that  such   patients  manifest  only  a  simple  anemia 
iiritliout  organic  disease,  and  nsually  fail  to  come  under  clinical  obser- 
vation, eitlier  because  they  do  not  recognize  their  disease<l  condition  or 
because  they  attribute  t-i  it  too  little  significance. 

Nevertheless  tJje  fact  has  Ix^corae  so  imp^ctant  to  tlie  physit^ian  and 
hygienist  that  numerous  experimental  studies  have  been  devoteil  to  the 
influeuoe  of  the  individual  hygienic  factors  on  the  composition  of  the 
blood.  The  writer  must  insist,  how^ever,  that  we  should  l>e  still  very 
far  from  a  satisfactory  explanation  of  the  action  of  the  combine*!  factors 
even  after  we  succeeded  in  obtaining  [lositivc  knowledge  in  regard  to  the 
effect  of  one. 

The  influence  of  insufficient  nourishment  on  the  compfisition  of 
the  blood  has  Ijcen  studied  eumparatively  more  than  any  fither  factor  on 
ac^>unt  of  the  great  interest  centering  in  tliis  question  from  the  stand- 
point of  physiology  and  pathology. 

Numerous  prominent  investigators,  among  whom  w*e  may  mention 
especially  Heidenhain,  Pan  urn,  and  C.  Yoit,  have  demonstrated  in  both 
animals  and  man  the  influence  of  insufficient  and  poor  nourishment. 
What  hematology  has  learned  from  these  experiments,  we  shall  detail 
in  the  folio \^^ng  : 

Tlie  first  experiments  attracting  our  attention  are  those  which  show 
bow  the  human  or  animal  organism  reacts  on  the  entire  withdrawal  of 
noorishment.     Considerable  knowledge  has  been  gained  in  this  direction 
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from  the  so-called  *'  fasting  artists/*  who  voliintiirily  deprive  themj^^lves 
of  nourishment    for   a    long   time   while   drinking   cupioiiftly  of  water. 
Consequently  J  omitting  a  few  questions,  we  are  uot  ubhged  to  apply  the 
results  of  aninial  exjierimentution  to  man,  a  procedure  wliich,  particu-J 
larly  in  hematolngy,  may  give  rise  to  gross  errors. 

The  writer  will  hegiu  vv  itii  the  i n vest igt it ious  made  by  Senator  and  FJ 
Mfiller  on  the  tiistiug  artists,  Cetti  and  Breithuupt,  while  they  were  abso-l 
lutely  depriveii  of  nourishment,  though  taking  as  much  water  as  they 
wislied.  Cetti's  fasting  iKTitxl  histetl  ten  days,  during  whieli  the  body 
weight  sank  fi'om  57  to  50  kg.  Tlie  hematologic  investigations  on  him 
were  limited  to  the  determination  of  the  relative  amount  of  bemoglobioH 
and  tlie  counting  of  the  white  and  i*ed  corpuscle^i.  The  number  of  red 
bhxKi-cor]>uscles  jwr  c.cm.  was  about  1,000,000  higher  at  the  termination 
of  the  experiment  than  at  the  beginning.  The  number  of  leukocytes 
decreaseil  from  12,000  to  4200,  the  percentage  of  hemoglobin  from  115 
to  85— fJO  per  cent.  In  tlie  case  of  Breitliau|)t,  wlu)  fasted  only  six 
days  and  decreased  in  weight  3*5  kg.,  the  number  of  Ted  blmid- 
corpuscles  remained  practically  unehangetl,  the  number  of  leukocytes 
sank  to  6500,  and  the  peirentage  of  hemoglobin  incresised  from  107  to 
130  per  cent 

Since  these  i*esults  of  Senator  and  M tiller  are  in  complete  accord 
wn'tb  numerous  previous  experiments  on  animals  and  other  observations 
on  fasting  individuals,  they  art*  sufficient  tu  show  that  the  sudden  absolute 
withdrawal  of  ff>r>d  is  uot  caipablc  of  proflucing  cJigiXtythemia  or  oligo- 
chromcmia.  Still  in  these  cases  considerable  influence  is  probably 
exercisetl  by  the  circumstance  that  the  persons  in  question  enjoyed  everj' 
hygienic  advantage,  and,  since  they  undertook  the  experiments  volun- 
tiirilv,  were  free  from  everv  mental  worrv. 

Moreover,  the  observations  on  man  require  animal  exjierimentation 
to  complete  them,  since  only  in  this  way  ciin  we  obtain  a  knowledge  of 
the  behavior  of  the  whole  amount  of  bloixl  in  such  experiments.  The 
entire  agreement  of  the  experiments  on  animals  made  by  ITeidcnhain, 
Panum,  and  Voit  shows  evidently  that  in  fasting  animals  the  blo<xl 
experiences  an  absolute  loss  almost  exactly  proportional  to  that  of  the 
wholr  body  weight.  Accordingly  the  p'rcentage  relation  of  the  l>hHHl 
to  the  whole  body  weight  remains  undisturl>ed.  Fc»r  instance,  thefl 
EUnount  of  blmxl  in  A'^oit's  normal  control  dog  amounted  to  8.5  ]vcr 
cent,  of  the  weight  of  the  entrails  and  muscles,  in  die  fasting  dog  to  8.8 
per  cent.  ;  the  blood  of  the  latter  contained  21.75  per  cent,  solid  con-^ 
stitnent^,  of  the  former  18,11  per  cent.  Further,  the  relative  propor- 
tion of  the  important  constituents  of  the  blocKl  to  one  anotlier  was  nc 
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markedly  altered  ;  according  Ui  Panuni^  only  the  dried  substance  of  the 
gerrnn  (botli  tlio  alliiimin  nud  its  salts)  ex]ierienced  a  decrease. 

Although  from  tlie^e  exj»eriments  it  wt*uld  appear  that  a  pretty  con- 
siderable  ai»solule  diminution  of  the  amount  of  blood  cnuld  be  brought 
about  by  inanition^  it  would  uot  Ih^  prt>|>er  to  8|>eflk  of  au  oligemia, 
since  the  animal  in  question  posse? -^s  exactly  as  much  blmxl  as  a  normal 
healthy  animal  of  similar  Ixxly  weight. 

From  exact  experiments  on  man  and  animals,  therefore,  the  con- 
cluflion  can  be  drawn  that  sudden  absolute  withdrawal  of  nourishment 
is  not  capable  of  producing  an  anemia. 

By  no  means  so  definite  an  answer  can  be  given  concerning  the  influ- 
ence exercise<l  by  subacute  or  chronic  lack  of  ncmrishment  on  the  oomiKK 
sition  of  the  bhxxl.  In  contrast  to  acute  inauitiuu,  which  i^  practiailly 
of  only  tlieoretic  interest,  the  investigation  of  the  effects  nf  a  periodic  or 
long -continued  lack  of  sufficient  nourisbnient  ctmstitutes  one  of  the 
most  imjH>rtant  questions  in  praetieal  hygiene  and  clinical  medicine. 
To  indicate  even  the  general  lines  of  such  an  investigation  would  ciirry 
us  far  beyond  the  ^cojje  of  this  work.  We  ain  only  giv^e,  therefore^ 
the  facts  that  hematology  has  aequirtHl  from  these  investigations. 

The  idea  is  general  that  insufficient  nourishment  pnxluees  an  im- 
poverishment of  the  blood,  and  it  has  taken  deeper  root  on  account  of 
the  bet  that  ]>oorly  nourishe*]  individuals  are  almost  in%^ariably  very 
[lale.  Moreover,  an  a  prion  ixiuuection  Ijetwt^n  lack  of  uourishment 
and  anemia  is  quite  plausible.  In  Int merman n^s  sense  this  ibrm  of  ane- 
mia would  be  to  a  certain  extent  the  opjxisite  of  the  acute  po.st-hemor- 
rhagic,  and  might  Ik?  designated  the  purest  type  of"  hypoplastic"  anemia. 

Further  observations  on  man  and  animals,  however,  forcal  the 
rejection  of  this  idea. 

Sahli  first,  after  him  Laache,  Oppenheimer,  and  others,  demonstrated 
that  individuals  with  very  |mle  skin  and  uuicous  luembnnies  frequently 
showed  a  normal  percentage  of  hemoglobin  and  a  normal  number  of 
corpuscles.  This  fact  has  l>een  re|>eatwlly  confirmed,  especially  in 
|xitient.s  considerably  emaciated  by  H:»me  fundamental  disease — €*  ff»f 
tuberculosis* 

[It  hx^  been  found  that  the  pallor  of  certain  diseast^l  conditions, 
such  as  arteriosclerosis,  nervmis  disiuxlei's,  and  the  spurious  anemia  of 
new-comers  in  tnjpieal  countries,  is  not  accompunie<l  by  any  reduction 
in  the  numl:>er  of  corpu soles  or  the  amount  of  hemoglobin.  The 
phenomenon  is  doubtless  due  to  vasomotor  conditions,  and  the  term 
angiospastic  pseudo-anemia  has  Ijeen  suggested. — Ed.] 

These  ob^en^ations  alone  are  sufficient  to  prove  that  the  relation 
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betwi>en  naiirishmeTit  and  the  condition  of  the  blood  is  by  no 
close  as  we  niiglit  be  inclined  t*j  assume. 

This  quesfci<m  was  taken  up  by  the  physiologists  long  before  tfc 
clinicians.  They  taught  that  it  was  not  so  much  a  lack  of  nourishment 
as  a  deficient  quality  of  n^nirishmcnt  which  exercised  an  imfavorable 
iuHuence  on  the  composition  of  the  blood.  Verdeil  demonstrated  in 
1849  that  dogs  fed  with  bread  showed  a  considerable  less  quantity  of 
iron  in  the  blood  ash  than  when  fed  on  ii  rich  meat  diet.  Later  Voit 
and  his  pupils  (seii  Ssuhottin)  demonstrated  the  general  prineii>Ie  that 
the  hemc^lobin  percentage  of  the  btood  fluctuates  acconling  to  the 
amount  of  albumin  in  the  food.  ■ 

These  investigjitions  were  recently  taken  up  by  \\  Hoslin,  He 
determintHl  first^  in  exi»erinients  continued  over  mtmths,  that  a  chronic 
even  high-gnide  luck  of  nourishment  per  ise,  though  it  is  ca[)able  of 
producing  an  extraordinary  loss  of  weight,  is  not  capable  of  reducing 
the  quality  of  the  bltxKl. 

He  took  two  dfigs  of  the  same  litter  and  of  pure  lilciwl»  and  fed  one 
(primary  weight  3.2  kg.)  from  the  l>e.i;iiuiing  with  only  one-third  the  amount 
of  nourishment  of  the  other  (jjrimary  weight  3.1  kg.),  (hi  the  tiflv-s-ixth 
day  the  latter  weighed  11,0  kg,  and  showed  10.2  per  cent,  hemoglobin  ;  the 
other  5.5  kg.  and  11.2  per  cent  hemoglobin.  Afker  four  months  the  fxgure§ 
were : 

Kg,  Bb. 

I.  23.4  149 

U.    8.5  1G.0 


RcmI  blood-corpugcles, 
6.62  niiUiona 
7J7 


After  one  and  one-half  years 


I.  3€J 
IL    9.5 


17.6 

15.5 


8.3 
7.3 
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It  18  cU^r  that  exjierinients  in  this  direction  can  not  be  done  on 
man.  Those  done  by  Grawitji  on  himself  and  several  other  healthy 
individuals  were  natundly  of  very  short  duration,  so  thut  the  transitory 
lack  of  notirishment  did  not  even  lead  to  a  tlecrea^e  in  weight. 

\\  Hosslin  further  studies]  the  influenee  of  rpialitatively  defective 
nourishment,  and  demonstrated  by  animal  exjieriments  that  only  a 
dlminutioit  of  the  iron  in  the  nourishineiit,  not  of  the  albtmdn,  as 
previously  believed,  was  C4ipable  o(  producing  altenitions  in  the  eiim- 
j^sition  of  the  bhiod^  es|XH'ially  an  impn-erishment  *d'  hemoglobin. 
The  lively  discussion  of  kite  years  on  iron  therapy  has  brought  out  a 
number  of  investijrations  similar  to  this  (Bunge,  Kimkeb  and  others), 
and  in  cfmfirmation  of  Hosslin's  results  it  has  been  frt^uently  shown 
that  anemias,  even  of  severe  degree,  eould  be  produced  by  nourishment 
which  was  devoid  of  iron — r.  </.,  by  an  exclusive  mOk  diet  continued 
beyond  the  time  of  physiologic  lactation. 
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Hausermann  reports  the  only  single  analogous  case  in  man.  He  had 
tbe  opportunity  of  observing  an  eighteen-year  old  industrial  pupil  who  had 
never  eaten  anything  else  than  milk.  Now  and  again  he  had  made  the 
attempt  to  eat  bread  and  fruit,  but  could  never  become  accustomed  to  them  ; 
for  meat,  eggs,  butter,  cheese,  and  vegetables  he  had  an  unconquerable  dis- 
tute.  His  general  constitution  was  that  of  pronounced  anemia :  ^le-yellow- 
vh  color,  cold  feet  and  hands,  easily  fatigued,  ready  excitabili^  of  pulse, 
etc.  The  number  of  red  blood-corpuscles  amounted  to  5,000,000,  the  per- 
<^tage  of  hemoglobin  to  60  per  cent  (Gowers). 

Undoubtedly  then  the  greater  number  of  ^^  anemias  from  inanition  ^^ 

^  to  be  explained  by  the  want  of  those  nutritive  substances  from  which 

^  body  derives  most  of  its  iron,  in  other  words,  especially  meat.    Since 

^^  is  relatively  the  dearest  article  of  diet,  poor  people  often  obtain  it 

^7  in  insufficient  amounts  or  even  not  at  all.     Moreover,  the  same  is 

^^  in  the  cities* in  r^ard  to  the  vegetables  containing  the  most  iron, 

^''^  spinach,  asparagus,  and  fruit.     Deprivation  of  these  articles  seems 

^  ^^onstitute  one  of  the  most  important  causes  of  anemia  in  the  lower 


-A  second  fiictor  to  which  is  commonly  attributed  a  large  influence 
o^  the  proper  composition  of  the  blood,  is  lisrht.     In  fact,  hemoglobin 
1**^  often  been  compared  with  chlorophyll  on  the  theory  as  the  latter 
fe   ^borated  only  in  the  presence  of  light,  the  formation  of  hemo- 
g^^V)in  also  requires  it.     One  argument  for  this  view  was  found  in 
^  Jfee  fact  that  the  inhabitants  of  dark  dwellings  are  frequently  pale  and 
w^emic.     Nevertheless  the  investigations  of  recent  years  have  shown 
Aat  this  idea  is  groundless,  and  directly  contradicts  exact  observation. 
Scboenenberger,  in  a  complete  monograph,  has  stated  our  knowledge  of 
the  physiologic  effect  of  light,  paying  particular  attention  to  the  effect 
of  the  removal  of  light  on  the  blood.     He  presents  two  observations 
which  show  better  than  any  laboratory  experiment  that  even  a  long- 
continued  absence  of  light,  when  the  other  vital  conditions  are  not 
unfavorable,  produces  no  bad  effects  on  the  organism.     He  obtained 
reports  from  a  large  number  of  veterinary  surgeons  as  to  the  health  of 
horses  which  for  ten  to  twenty-four  years  uninterruptedly  worked  in 
mine-pits  without  exposure  to  one  ray  of  sunlight.     According  to  these 
reports,  the  horses  remained  in  excellent  health,  and  no  disease  was 
ever  observed  which  could  be  referred  to  the  want  of  light.     He  further 
mentions  the  report  of  the  physician  (Dr.  Blessing)  on  Nausen's  North 
Pole  Expedition,  which   expressly  states   that  the  blood  examinations 
made  during  three  long  polar  nights  of  one  hundred  and  forty  to  one 
hundred  and  fifty  days  each  showe<l  no  anemia  or  other  deterioration. 
This  would  go  to  prove  that  in  the  case  of  other  polar  explorers  who 
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nianifest<?cl  a  greenish-yellow  color  of  the  skin  and  other  distiirhanoes 
of  health  under  the  influence  of  the  polar  night,  the  blame  should  be 
laid  not  on  the  want  of  light,  but  on  other  unhygienic  ci.inditions. 

After  these  two  series  of  obi^rvations,  whieh,  as  far  as  the  depriva- 
tion of  light  Is  eonc-erned,  are  extreme  in  their  duration  and  intensity^ 
animal  experiment  seems  superfluous.  The  writer^  therefore,  men- 
tions only  in  brief  Schoenenberger's  experiments,  in  which  he  left 
se%'eral  rabbits  thirty  to  forty  days  in  absolute  darkness.  He  was  then 
able  to  demonstrate  the  surprising  fact  that  the  entire  blocxl  showed 
during  this  time  a  progressive  though  moderate  increase  in  cells  and 
solid  constituents.  A  microscopic  exami nation  *>f  the  blood  showed 
no  notieeable  deviati^m  from  the  norraal.  Accord i ugly,  we  mui^t  con- 
clude that  an  absence  of  light  is  not  concjenied  in  the  f»ngin  of  anemia. 

An  uuiavorable  influence  on  health  is  undoubtedly  exercised  by  the 
bad  air  in  the  dwellings  of  the  poor  in  city  and  country.  We  consider 
the  air  biul  when  contaminated  by  gascfius  constituents  which  ofiend  the 
sense  of  smell  or  actually  irritiite  the  respiratory  passages.  Omitting 
contamination  produced  by  manufacturing  industri©?»,  the  most  impor- 
tant is  that  arising  from  decomposititm  of  the  waste  pnxlucts  of  the  human 
c*conomy.  Mention  may  be  made  especially  of  hydrogen  sulphid, 
ammonia,  and  volatile  fatty  acids,  which,  according  to  Flugge,  are 
often  mixetl  with  tlic  air  in  such  small  amounts  that  they  can  not  be 
demonstrated  chemically,  though  they  may  torment  the  sensitive  sense 
of  smell.  The  cxiilanation  of  the  evil  effects  of  bad  air  on  the  health 
is  likewise  not  satisfactor}\  True,  in  bad  air  a  sensation  of  nausea  is 
frequently  experienced,  and  the  respiration  becomes  superficial  in  the 
involuntary  endeavor  to  limit  to  the  utmost  the  entrance  of  the  noxious 
vapor.  Yet  these  sensations  are  quickly  blunted,  and  even  very  gensi- 
tive  persons  soon  fliil  to  notice  a  bad  odor  to  wliich  they  are  persist- 
ently exposeiL  The  respiration  also  becomes  nt^rmal.  Still,  it  can  not 
be  said  that  the  continued  Cfmtami nation  of  the  air  by  noxious  gases, 
even  when  very  slight,  is  incapable  of  influencing  the  composition  of  the 
bhjo<]. 

Further  than  this  the  writer  can  not  go.  Consequently  at  the  close 
of  this  section  he  must  i-epeat  the  inihd>itahle  statement  that  a  continu- 
ous or  serious  violation  of  hygiene  produces  in  numerous  individuals  a 
chronic  ctindition  <*f  anemia,  though  he  is  unable  to  define  more  accu- 
rately its  mode  of  origin,  except  that  the  greatest  significance  is 
attributable  to  insufficient  nourishment. 

Anetnia  as  an  Associated  Symptom  and  Seqtiela  of 
Other  Diseases, — On  account  of  the  close  metabolic  rektions  which 
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tile  blood  bears  to  all  the  organs  of  tlie  hody  there  is  scarcely  a 
jiathologic  prtK-es?  of  any  extent  without  the  blood  showing  some  nmni- 
fet^tation.  Still  the  aotkijkation  hai?  not  been  fulfilled  that  definite 
changes  in  the  composition  of  the  bhx>d  would  be  found  corresponding 
to  definite  dis<nises,  thereby  aiding  both  diagnosis  iind  prt+gnosiri  ;  though 
the  invcstigiitionis  of  acute  and  chnmic  dii?eases  have  brouglit  Ibrtli  m 
many  positive  results  in  this  rcgiird  that  it  is  now  the  duty  of  the 
clinician  to  develop  this  material  |K>ssibly  by  means  of  finer  methotls  in 
order  that  it  may  take  on  its  proper  practical  significanct\ 

Among  the  alt-erations  which  the  blocnl  experiences  in  conditions 
apart  from  specific  hematologic  diseases,  only  a  small  jKjrtion  can  be 
described  a^  anemic  in  chamcter  ;  for  while  many  conditions  produce 
alterations  in  certain  of  the  ciiemic  and  m*irpho logic  constituents  of  the 
bIoo*l,  the  amount  of  hemoglobin  usual ly  remains  normal.  Still  every 
disease  can  produce  anemia  through  secondary  influences,  though  the 
writer  intends  to  discuss  chiefly  certain  definite  pathologic  condititjns  in 
which  anemia  develops  more  or  less  reguhirly  or  to  a  marked  degree. 

When  one  considers  in  a  general  way  how  diseases  of  various  organs 
may  produce  a  deterioration  of  the  blood,  attention  is  at  once  attracted 
by  the  causes  of  anemia  discussed  in  the  two  precaling  sections.  In 
the  first  place,  apart  from  a  very  few  isolated  conditions,  almost  all  dis- 
eases are  associated  with  a  diminution  in  the  amount  of  nourishment. 
This  belongs  sometimes  to  the  nature  of  the  disease  itself — (\  g.^  in 
dis^^^es  of  the  digestive  tract — ur  is  the  result  of  the  disturbance  of 
appetite  produced  by  the  rest  in  bed,  fever,  etc.  The  eiTect  of  this 
relative  inanition  is  naturally  increased  when  combined  with  other 
influences. 

Moreover,  a  small  number  of  diseases  are  associated  with  more  or 
less  severe  losses  of  blood  (compare  p,  187),  with  the  result  of  a  post- 
hemorrhagic anemia,  which  is  increased  by  the  blood  lesions  of  other 
origin. 

When  the  anemic  condition  arisen  through  loss  of  blood-t issue  itself, 
the  connection  between  cause  and  efi'ect  is  very  apparent.  Still,  l>eside8 
this  gn3up  there  arc  other  anemias  which  are  tlie  result  of  the  pathohigic 
loss  of  other  valuable  tissues.  Among  these  may  be  meutioned,  first, 
sobacute  or  chronic  processes  in  which  a  highly  organized  material  rich 
in  cells  is  withdrawn  in  large  quantities  from  the  organism  ;  for  instance, 
long-ccm tinned  suppuration.  In  this,  important  constituents  of  the 
body  are  lost,  which  refpiire  for  their  elaboration  a  consideraljle  ex[iendi- 
tnre  of  strength .  It  needs  no  proof  to  show  tliat  in  the  economy  of 
the  organism  defects  must  arise  when  such  a  highly  valuable  material 
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is  produced  in  large  quantities  and  ii?  lf>st  without  perfonning  its  func- 
tion. Moreover,  an  excessive  loss  of  highly  iuiportant  chetnic  .sub- 
stances containing  no  cells — e,  g,^  albumin,  in  albuminuria  or  exudate 
formation" — must  produce  similar  results. 

Still  in  this  case  the  connection  between  the  cause  and  the  effect  is 
not  so  clear.  Experimental  inve^stigsitions,  from  which  we  were  able 
to  derive  so  much  informati<ui  in  the  discussion  of  the  post-hemorrhagic 
condition,  are  almost  entirely  wanting.  In  addition,  tlie  question  in 
this*  ca^  is  much  more  compliciited^  since  the  effect  of  the  loss  of  oell- 
substance  is  only  one  effect,  and  probably  a  comparatively  small  effect, 
of  the  general  action  of  the  suppurative  process*  Further,  when  we 
compare  the  large  amount  of  cell  material  ev-entnally  lost  to  the  Ixxly, 
this  seems  to  exceed  greatly  the  loss  of  sul>stance  in  acute,  subacute, 
and  chronic  hemorrhages.  Though  in  a  post- hemorrhagic  anemia  the 
loss  of  red  bloo<]-eorpuscles  is  nattirally  the  most  important  fiictor  in 
the  origin  of  the  anemia,  a  comparistm  is  still  possible*  since  the  white 
cells  of  the  pus  are,  on  aceouot  i>f  their  high  nuelein  content,  of  great 
histologic  value.  Moreover,  to  this  direct  loss  of  the  body  con- 
stituents is  added  an  extraordinary  activity  of  the  bone-marrow,  which 
in  long-continued  suppuration  is  obliged  to  satisfy  the  increased  de-» 
mands.  We  can  not  refrain  from  the  conjecture  that  on  a  long  con- 
tinnanee  of  this  condition  the  physiologic  function  of  the  bone-marrow 
(the  new  formatioii  of  blood)  must  suffer.  A  valuable  support  fiir  this 
view  ia  found  in  the  observations  of  Koger  and  Josue,  They  examined 
histologically  the  bone-marrow  after  experimental  staphyIoctxx!Us  infeo» 
tion^and  found  the  fat  considerably  diminished  and  the  cells  pn>liferated| 
among  the  lattfT  the  granular  neutrophile-s,  especially  the  mononuclear 
variety,  predominating.  The  eosinophiles  were  relatively  scanty  in 
number.  We  recognize,  therefore,  in  suppuration,  ajmrt  from  the  effect 
of  the  fever  and  the  bacterial  toxins,  which  will  be  discussed  later,  two 
factors  which  hold  a  relation  to  the  subsec^uent  anemia,  namely,  the  loss 
of  highly  valuable  material  and  the  overstimulation  of  the  most 
im|K)rtant  blood-making  organ. 

The  effect  of  the  mere  loss  of  substance  in  sujipuration  on  the  pro- 
duction of  the  anemia  emi  Im  seen  in  anah>gt>us  prtNsesses,  for  instance. 
Spermatorrhea,  lactorrhea,  and  excessive  losses  of  epithelium  and 
mucus  in  catarrhs  of  the  respiratory  or  digestive  tract.  The  increased 
activity  of  the  glandular  secretion  is  anahigous  to  the  increased  activity 
of  the  bone-marrow.  In  addition  to  the  luss  of  material,  therefore,  a 
decrease  in  strength  takes  place,  since  the  increased  cell  activity  is  in  no 
way  beneficial  to  the  organism. 
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We  must  include  with  these  conditions  the  loss  of  valuable  chemic 
non-oiganuBed  substances,  especially  albumin.  The  relations  between 
aHmminuria  and  the  composition  of  the  blood  excited  the  investi- 
gative zeal  of  the  older  scientists,  like  Andral  and  Gravarret,  Frerichs^ 
Cohnheim  and  Lichtheim,  and  others,  but  in  late  years  even  more 
numerous  researches  have  been  undertaken,  among  which  may  be 
mentioned  those  of  Hammerschlag,  Dieballa,  and  Askanazy. 

Dieballa  averaged  a  large  series  of  estimations  in  order  to  show  the 
relation  between  the  d^ree  of  the  albuminuria  and  the  hydremia.  Yet 
as  simple  as  the  relation  seems  to  be  on  first  glance,  it  becomes  more 
complex  the  deeper  one  goes  into  detail.  The  loss  in  albumin  through 
the  urine  is  in  but  few  cases  sufficiently  large  to  make  the  metabolic 
balance  n^ative.  Moreover,  the  loss  can  readily  be  replaced  by  food. 
Nevertheless,  in  many  such  cases  we  see  an  undoubted  anemia  develop. 
So  fiir,  no  satis&ctory  explanation  has  been  made,  so  that  many  writers 
attribute  the  anemia  to  complications  like  loss  of  appetite,  disturbances 
of  digestion,  etc.,  while  others  refer  it  to  the  toxic  effects  exercised  by 
substances  retained  in  the  circulation  on  account  of  defective  renal 
function. 

Though  the  explanation  of  the  origin  of  hydremia  from  albuminuria 
is  difficult,  the  hydremia  itself  can  not  be  doubted.  Moreover,  that  the 
hydremia  may  prove  directly  injurious  to  the  red  blood-corpuscles,  and 
so  lead  to  a  true  anemia  in  the  sense  of  an  absolute  diminution  of 
hemoglobin,  has  been  previously  shown  in  several  places. 

A  symptom  to  which  the  greatest  importance  is  generally  attributed 
in  the  origin  of  anemic  conditions  is  fever.  Daily  experience  demon- 
strates that  a  whole  series  of  acute  and  chronic  febrile  conditions  pro- 
duce the  clinical  syndrome  of  anemia.  Although  the  apparent  anemia 
has  not  rarely  been  a  delusion  produced  by  vasomotor  influences,  the 
special  examination  of  the  blood  has  not  infrequently  determined  a 
decrease  in  hemoglobin.  Moreover,  though  the  hemoglobin  estimations 
are  not  absolute,  and  marked  transitory  differences  in  quantity  may  be 
produced  by  the  taking  up  or  the  giving  off  of  water,  a  series  of  facts 
can  be  brought  forward  to  show  an  actual  decrease  of  hemoglobin  in 
fever.  Among  these  there  is,  first,  hydrobilirubinuria.  Viglezio  was 
the  first  to  advocate  the  view  that  the  amount  of  urobilin  is  a  criterion 
of  the  destruction  of  the  red  blood-corpuscles  by  infectious  and  toxic 
agents.  The  icterus  and  increased  hydrobilirubin  excretion  in  the 
urine  observed  in  connection  with  tuberculin  reactions  is  likewise 
attributed  by  Hoppe-Seyler  to  a  destructive  effect  exercised  by  large 
doses  of  tuberculin  on  the  blood  coloring-matter. 
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Though  we  have  absohitel y  determined  that  the  blood  dr>es  deteri- 
orate under  the  iiiHueiiee  of  fever,  it  is  nut  clear  what  factor  plavri  the 
deci.sive  rOle.  Aceorfliiig  to  present  day  views,  this  question  must  be 
treated  siniilarly  to  tlie  investigation  of  the  relations  between  febrile 
disea*ses  and  albuminous  decomposition.  In  this  regard^  as  is  well 
known,  numerous  reliable  investigators  have  shown  that  elevation  of 
temperature  per  ae  produces  only  a  slight  part  of  the  increase  in  tissue 
breakdown.  In  an  analogous  way  an  attempt  has  l>een  made  to 
8tudy,  by  means  of  artitieial  hyjierlliermia,  the  factor  in  the  fever  which 
plays  the  chief  role  in  the  deterioration  of  the  bhKxl,  According  to 
the  obHservations  of  Breitenstein,  A.  Lowy,  and  others,  artificial  hyper- 
thermia appears  to  have  no  influence  on  the  corajiosition  of  the  blood, 
and  causes  only  variations  in  its  distribution  through  vasomotor  action* 
Ziegler  and  Werhowsky  alone  report  in  animals,  which  they  kept  for 
difierent  lengths  of  time  (two  to  twenty-nine  days)  at  an  incubator 
temperature,  an  enormous  increase  of  hemosiderin  in  the  lione-marrow 
and  spleen  as  a  sign  of  increa.^ed  destrnetion  of  hemoglobin. 

Still  J  one  must  realize  that  artificial  heating  of  an  animal  by 
elevation  of  the  external  temperature  is  by  no  means  identical  with 
fever,  and  that  the  results  obtained  by  such  methods  are  not  to  be  con- 
sidered as  a>ntributing  much  to  the  knt»wleilge  of  febrile  conditions* 
Only  by  the  aid  of  toxic  substances  can  fever  be  produced  experi- 
mentally in  any  way  analogous  to  the  natural  |iathologic  process. 
Witli  this  in  view  considerable  zeal  has  been  exi>ended  in  regard  to  the 
effects  of  the  proteins  and  the  metabolic  products  of  bacteria  on  the 
animal  and  Imnian  org^inism.  Tlie  majority  of  facts  in  this  direction 
have  been  collect  til  from  experiments  with  Koeh*s  tulx^rcnlin  ;  and 
these  investigations  have  prove*!  very  instructive  for  hematology. 

The  infliience  of  bacterial  toxins  on  the  bloc»d  apart  from  the  direct 
prfwlnetion  of  anemia  is  observed  in  alterations  in  the  number  of 
leukocytes,  in  increase  or  diminution  of  the  watery  constitiieut>s,  or  in 
miMlifications  of  the  distribution  of  the  blood.  The  relation  of  all  these 
factors  to  anemia  has  been  tliscussed  in  other  sections. 

The  writer  am  do  no  more  than  mention  here  tlie  impirtaut  and 
interesting  observati(»ns  on  the  ehemotactic  elfi»ets  of  bacterial  ttixins, 
namely,  hyperleukocytosis  and  hyp<5leukocytosis,  and  roust  refer  for 
further  details  to  Part  I.  of  this  volume.  Moreover,  h<'  can  only  touch 
on  the  investigations  which  demonstrate  an  increase  in  the  lymph  circu- 
lation from  the  action  of  bacterial  toxins,  for  instance,  tuberculin  and 
pyocyaneus  toxin  (Gartner  and  Roemer) ;  and  further,  the  experiments 
of  Bouchard,  Charran,  and  Gh;y,  which  show  that  bacterial  extracts^ 
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€;  g,y  of  the  pyocyaneufl — txmtain  certain  sobstaneefi  capable  of  dimiD- 
isbing  the  ejccitability  of  the  vasodilator  ceoters  and  others  capable  of 
acting  ID  the  opp«>site  way* 

Investigations  on  the  production  of  anemia  by  the  action  of  bacterial 
>xins  which  would  iuterest  us  here  an^  still  t^miity*  Fischl  and 
Ldler  observed  a  t^ase  of  se>'ere  anemia  in  which  shortly  before  death  a 
streptucocciift  wajs  found  in  the  blood.  From  the  general  behavior  of 
the  case  the  inve^stigator^  drew  the  conclusion  that  the  entire  condition, 
which  lasted  about  three  mouths^  was  a  septicemia  character ii&eil  prin- 
cipally by  the  severe  anemia.  They  tested,  therefore,  the  toxic  proper- 
ties of  the  isolate*!  coccus  by  intmvcnouj  injection  into  rabbits  of  sterilized 
bouillon  cultures  which  contained  the  toxin  of  the  cell-bodies  as  well  as 
the  metabolic  prtwhiet^.  The  re.sult  was  a  rapid  diminution  in  the 
number  of  blood-i*orpuscles  within  a  few  days  (from  f>,€>00,000  to 
1,300,000  in  seven  day.^).  Similar  observations  were  made  by  Finkel- 
steio  in  a  case  of  hemorrhagic  diathesis  in  a  newborn  child.  In  this 
case  shortly  before  death  an  extraoixlinurily  anmll  number  of  red  blocxl- 
discs  were  found,  some  of  which  were  very  pale  and  stained  poorly, 
others  were  completely  washed*t>ut  shadows.  After  staining  with 
carbol-fuchsin,  diplostreptoTOcci,  whieli  proved  od  culture  to  be  true 
streptococci,  were  found  both  free  in  the  blcwxl,  and  especially  lu  the 
decolorized  blood-discs.  E.  Grawitz  observed  a  wise  of  vcrj"  acute 
streptoci:KX*us  infection  in  which  the  destructive  effect  of  the  strepto- 
coccus toxin  pHKluceil  an  enormous  erythrocytcjlysis,  so  that  after  the 
course  of  a  few  houi-s  only  300,000  red  blood-corpuscles  were  found  in 
a  previously  healthy  wfiman.  Bmnchi-Mariottij  with  this  end  in  view, 
tested  the  effect  of  typhoid,  cholera,  anthrax,  and  p\'ocyanens  bacteria, 
and  found  that  the  amount  of  hemoglobin  invariably  decreased  after 
the  injection  of  their  metabolic  pnxlncts»  and  that  this  decrease  seemed 
to  hold  a  direct  relation  to  the  amount  of  the  injected  sul>stfmce. 

These  observations  are  primarily  of  vakie  only  in  explanation  of 
the  bemoglobinemic  process,  though  fn>m  them  it  is  possible  to  con- 
clude that  the  bacterial  toxins  in  much  smaller  doses  may  constitute  the 
principal  factor  on  account  of  their  association  with  the  fever,  which 
has  itself  an  anemic  effect. 

[Recent  investigations  in  hemolysis  have  shown  that  a  great  variety 
of  toxic  products  of  bacteria  and  other  organic  pfiisons  are  ca|»al)le  of 
discu^nizing  the  bloixl  and  causing  severe  grades  of  anemia, — Ed,] 

Tunjing  to  those  diseases  which  experience  shows  lead  especially 
frMjuently  to  anemic  conditions,  one  is  attracted  first  to  the  diseases  of 
the  dii^estive  organs. 
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We    may    say   that    every    disease   of  the  digestive  tract,  when  it 

is  not  entirely  ttx*  slight^  i^  asstxnated  with  deterioration  of  the  blood. 
Catarrhs  and  the  different  inflammations  of  the  stomach  and  intei^tme, 
uleus  ventriciili  and  drnxleni,  chr<:)nic  constipationj  acute  aud  chronic 
infectious  diseases  io  connection  with  the  digestive  tract,  tumors,  nervous 
gastro-intestinal  afltctions,  and  finally,  even  hemorrhoids,  are  frequently 
the  cause  of  anemic  conditions.  Apart  from  the  rarer  complice- 
tion.s  of  hemorrhage  and  suppuration,  this  effect  is  produced  princifKilly 
hy  disturbances  of  nutrition  and  by  the  elaboration  of  toxins  in  the 
gastro-intestinal  canaL 

The  disturbances  of  nutrition  may  be  partly  caused  by  the  loss  of 
appetite,  which  decreases  the  amount  of  nourishment  ingested.  Still, 
in  addition  in  many  gastro-intestinal  diseases,  the  ingested  nourishment 
is  by  no  means  equivalent  to  the  same  in  health,  for,  in  the  first  plaoe^ 
the  transformation  necessary  for  resorption  and  assimilation  is  complete, 
because  the  secretion  of  the  digestive  juices  is  abnonual  ;  and,  in  the 
aeoond  place,  resorption  itself  is  markedly  influenced.  Moreover,  an 
increased  peristalsis  sometimes  sets  in  which  increases  the  disturbances 
of  digestion  and  absorption.  The  result  of  these  factors  is  a  relative 
inanition,  the  significauce  of  which,  as  far  as  the  pathogenesis  of  anemia 
is  concerned,  has  been  previously  discussed. 

These  disturbances  are  usually  assoc*iated  with  toxic  processes, 
Tliey  are  the  result  of  the  decom|K>sition  of  nutritive  substances  or 
possibly  of  the  secretions  from  the  intestinal  mucous  membmne.  The 
investigations  are  yet  too  few  to  say  with  certainty  whether  a  deteriora- 
tion of  the  blood  can  be  brought  about  by  a  defective  excretion  and 
consequent  absorption  of  the  norma!  pnKlucts  of  decomixjsition,  or 
whether  the  noxious  substances  are  elaborated  during  abnormal  decom- 
position of  the  ingesta,  Yanni  did  some  exiierimental  work  in  this 
direction  by  pnxhicing  an  artificial  coprtvstasis  in  dogs  and  rabliits*  He 
found,  when  the  fecal  stasis  was  cuntinaed  only  a  few  days,  a  constant 
diminution  of  the  numljer  of  blood-corpuscles,  though  almost  no  change 
in  the  amount  of  hemoglobin.  From  this  Vanni  drew  the  conclusion 
that  the  toxins  absorbed  on  account  of  fecal  stasis  exercised  a  hemolytic 
effect. 

Similar  views  are  held  by  a  large  number  of  investigators  who 
deft^nd  the  intestinal  origin  of  chlorosis.  They  consider  that  not  only 
is  the  circulating  bhxxl  modiHe<l  in  its  composition,  but  bli>od  formation 
itself  is  interfered  with  Ijy  this  intestinal  aiiio-inioxication.  The  argu- 
ments fnr  this  view  are  based  prinei|xilly  on  the  undeniable  effects  of 
laxatives  in  certain  cases  of  chlorosis,  though  on  account  of  the  fre- 
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qaent  fiulure  of  this  method  of  treatment,  they  are,  to  say  the  least, 
very  weak.  On  the  whole,  it  may  be  said  that  there  is  as  yet  too  little 
positive  material  on  intestinal  auto-intoxication  from  which  to  make  a 
hypothesis  of  the  origin  of  anemia. 

(For  the  significance  of  the  atrophic  processes  of  the  intestinal  walls 
in  the  pathology  of  anemia,  see  the  section  on  Progressive  Pernicious 
Anemia.) 

In  addition  to  the  gastro-intestinal  diseases,  there  are  others  with 
which  anemia,  even  severe  anemias,  are  frequently  associated.  Among 
these  may  be  mentioned  syphilis.  While  ignoring  for  the  present 
whatever  etiologic  r6le  syphilis  may  play  in  Biermer's  anemia,  the 
writer  must  insist  that  in  all  its  stages  it  is  capable  of  producing  ordi- 
nary anemia.  Grassi  and  Laache  and  many  others  have  accurately 
studied  these  relations.  From  their  observations  it  appears  that  even 
the  primary  symptoms  may  be  associated  with  a  pure  anemia,  though, 
as  a  rule,  the  blood  remains  unaltered  in  this  stage.  Secondary  syphilis 
shows  a  diminution  in  the  number  of  blood-corpuscles  and  the  per- 
centage of  hemoglobin  much  more  frequently,  and  this  condition  con- 
tinues as  long  as  the  syphilitic  symptoms  are  active.  Still,  the  severest 
forms  of  anemia  are  encountered  in  the  tertiary  stages  of  syphilis ;  in 
other  words,  in  individuals  who  were  infected  a  long  time  before. 
They  are  frequently  so  severe  as  to  occasion  confusion  with  Biermer's 
anemia,  and  in  the  section  on  Diagnosis  the  writer  intends  to  devote 
special  attention  to  them. 

In  a  disease  the  etiology  of  which  is  not  known,  and  which  is  almost 
completely  closed  to  experimental  investigation,  we  must  trust  to  analo- 
gies with  other  diseases  in  order  to  explain  its  symptoms.  Correspond- 
ing, therefore,  to  our  knowledge  of  other  infectious  diseases,  there  is  at 
present  a  general  tendency  to  attribute  the  anemia  of  syphilis  to  a  specific 
toxin. 

The  origin  of  the  anemic  condition  in  malaria  is  much  more  appar- 
ent. The  direct  destruction  of  enormous  numbers  of  red  blood-cor- 
puscles by  the  specific  parasites  must,  even  in  uncomplicated  cases,  lead 
to  anemia,  provided  the  infection  is  not  recognized  very  early  and  prop- 
erly treated  or  resists  the  therapy.  Among  the  complications  of  malaria, 
blackwater  fever  especially  produces  anemia  of  the  severest  kind  on 
account  of  the  intense  acute  hemolysis.  Further  investigation  may 
possibly  show  that  the  malarial  plasmodia,  in  addition  to  their  power 
of  directly  destroying  the  erythrocytes,  produce  toxic  substances  which 
are  also  capable  of  exercising  an  anemic  effect, 

A  further  large  group  of  diseases  in  whieh  we  almost  regularly  find 
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more  or  lass  severe  symptoms  of  antrum  are  tuifiors.  In  the  tli.sinissiun 
of  the  mamier  in  which  a  tumor  influences  the  compo.sitiou  of  the  bkxK], 
we  must  naturally  omit  all  |jeculiaritie8  and  compliealions,  for  instaooe,  a 
tumor  may  be  so  ^ilfuital  that  it  compresses  an  ijn|>ortant  organ — r,  y,, 
the  tnieheaor  huiips— tht^reby  prmludngdisturbauees  of  respiration  which 
in  turn  leail  to  altenitiuns  of  the  blood.  Further,  every  tumor  of  the 
bone-marrow  of  any  eonsiderable  size  mnst  alter  materially  the  compo- 
sition of  the  bloinl,  even  though  it  m  hematologically  benign.  Finally, 
we  must  lea%e  out  of  consiilemtioii  tumors  like,  fur  instance,  thu^  of 
the  uterus  associated  with  severe  hemorrhages,  and  those  which  in 
their  terminal  stagers  exhaust  the  organism  by  ulceration  imd  suppu- 
ration. 

Working  from  this  point  of  view*,  Bierfreund  examined  a  large 
numlxT  of  cases,  and  furnished  a  considcraljle  amount  of  valuable 
materiaL  His  observatious  show  that  benign,  uncom plicate* I  tumors, 
even  when  they  are  characterizwl  by  mpid  growth  or  cousidenible  size, 
exercise  no  infiuence  on  the  composition  of  the  blood  ;  further,  that 
malignant  tumors,  even  when  not  cliaracterized  by  large  size,  spc*cial 
localiziition,  or  any  coniplic^itiou  (e,  g,^  sarcoma  of  the  testicle  or  indi- 
vidual long  boues,  carcinoma  of  the  breast,  etc.),  cause  a  reduction  in 
die  percentage  of  hemoglobin,  which  amounts  on  an  average  to  about 
15  per  cent  (Flcischl).  Moreover,  wlien  these  tumors  are  of  consider- 
able size  or  rapid  growth,  e\'eu  when  not  asscMjiatetl  witli  fu  net  tonal 
disturbances  or  ulcerations,  the  oligt»chi-omemia  is  much  more  pro- 
nounced and  the  hemoglobin  loss  is  almast  double  tliat  of  the  previous 
category. 

Furtlier  observations  of  Bierfreund's  show  other  differences  charac- 
teristic of  benign  and  malignant  tumors.  He  estimated  the  percentage 
of  hemoglobin  in  c^ses  of  tumor  previous  to  operation,  and  the  dimi- 
nution prm:luce<l  by  the  hemorrhage  during  the  oi)eration,  and  noted 
the  |ieriod  t>f  time  i-equired  for  the  return  of  the  tiemoglobin  Uy  its 
former  i>erecntage.  He  found  that  the  regeneration  of  the  blood  after 
ojKTations  on  benign  tumors,  even  when  the  loss  of  I>lood  w^as  great, 
requiretl  no  more  time  than  an  e<iually  s<?vere  nnc< implicated  acute  [Hist- 
hemorrhagic  anemia,  while  in  the  case  of  malignant  tumors  the  regenera- 
tion wjis  consideniltly  prolonged. 

This  ditferencc  Wtween  these  twT>  varieties  of  tumors  is  so  striking 
tJiat  one  is  justified  in  assuming  that  tlie  malignimt  tumors  exercise  a 
sjiGcific  influence  on  the  composition  of  the  blood.  A  similar  difference 
is  found  on  the  investigation  of  the  metal >ol ism  of  tumor  cases,  the 
maltgnant   tumors   differentiating    themseU'cs   from  the  benign  by  an 
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Increased  excretion  of  oitrogen  ;  in  utlii-r  words,  liy  an  increase  in  albu* 
minoiis  decomixit^ition  (Fr.  Muller,  G.  Klem|7ercr), 

While  the  etiology  of  tumors  is  obscure,  we  are  forced  to  attribute 
the  anemia  assoc^iated  with  maligunt  tumors  to  specific  toxins.  It  is 
Jikewise  obvious  tliat  tliese  are  the  cause  (;f  the  marked  increase  in 
aJbimuDOUs  decooipositioii  and  of  carcinonuit^ius  coma  which  niani- 
fets  the  claasic  picture  of  a  true  general  intoxicatitm,  though  the 
question  still  remains  open  whether  the  anemia  is  the  res^ult  of  increased 
destruction  or  is  produced  ilirectly  by  the  tumor  toxiu.  Cases  in  which 
the  tumor  is  small  in  size  and  the  nutritive  condition  is  verj"  satisfac- 
tory, while  the  anemia  is  very  advanced,  are  nut  rarely  observed,  and 
would  seem  to  p<jint  to  the  latter.  In  later  stages  the  injurious  effects 
produced  by  the  destruction  of  the  corpuscles  also  come  into  play, 

Grawitz  endeavored  to  determine  experimentally  the  effect  of  this 
toxin  on  the  blood  by  making  extracts  of  tumors  and  injecting  them 
into  rabbits.  He  found  a  ainsiderable  thinning  of  the  bIot»d,  due  to 
the  taking  uj*  of  water.  Those  subst4inces  which  pmduce  in  exiveri- 
mental  animals  a  lymphagogic  effect  on  the  bloody  are  in  patients  apjiar- 
ently  exci'^ted  from  the  tumor  in  small  amounts  and  ciuise  an  absorption 
of  water  which  dilutees  the  bl^Kx).  In  addition  to  the  relative  diminu- 
tion in  hemoglobin  thus  protluced,  we  have  the  direct  anenn'c  effect  of 
the  hydremia.  Frrim  his  experiments  Grawitz  was  able  to  state  that 
the  injected  extracts  did  not  exercise  a  direct  influence  on  the  refl 
blood-corpuscles  or  hemoglobin  of  the  rabbit.  Stilly  experiments  of 
this  sort  can  not  be  applied  to  human  pathology  on  account  of  the 
immunit}'  of  experimental  animals  to  cancer.  Ehrlich's  late  investiga- 
tions on  the  action  of  toxins,  and  his  explamition  of  pr*xlisp>sitiT>n  by  the 
tlieiirr  of  the  sjiecific  side  chains  of  the  cell-protoplasm,  must  warn  us 
from  considering  the  behavior  of  one  species  of  animals  as  applicable 
to  another. 

Though  with  a  better  knowle<lge  of  the  nature  of  malignant  tumors 
the  explanation  for  the  associate*!  anemia  will  probably  become  evident, 
the  fact  am  not  be  doubted  that  an  anemia  may  be  the  result  of  an 
uncrjmplicated  tumor,  and  that  the  capability  of  producing  a  severe 
anemic  condition  is  intrin-sic  to  the  tumor  itselC 

We  come  now  to  the  discussion  of  another  large  group  of  parasitic 
diseases  which  fn^uently  pn>duce  anemic  conditions  in  num,  and  in 
which  the  origin  of  the  anemia  is  to  Ix*  attrihutetl  in  the  majority  of 
cases  to  poisonoas  substances,  namely,  the  different  forms  of  helmln- 
ihlasis.  In  the  first  part  of  this  volume  it  was  shown  that' helmin- 
thiasis almost  always  influences  the  morphologic  composition  of  the 
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blcKxl  in  the  way  of  a  marktHl  ix^sinopliilia  (see  Bnckler).  A< 
ing  to  the  condii^ions  expressed  in  anutlier  section,  this  eosieophilia 
demongtratcs  that  the  heloiiuthes  are  not  only  locally  irritant,  but  are 
also  capable  of  exercising  distant  and  general  effects  by  the  excretion 
of  sol n hie  absorbable  substances  which  are  taken  up  by  tlic  general 
circulatiou.  ConsequeutlVj  in  lien  of  a  better  explanatioiJ»  these  cas^s 
of  worm  anemia  are  referred  to  the  action  of  toxins*  Sinee  Reyher,  in 
1886,  first  attribnted  to  Bothriocephalus  latns  a  toxic  and  s|>eciiically 
destructive  efllH*t  on  the  red  blood-corpuscles,  many  investigators  have  ^ 
tunied  their  attention  to  this  subject.  For  a  long  time  the  "  reflex  ^| 
theory  *'  (reflex  stimulation  of  the  nervous  centers)  amstituted  the  only 
explanation  of  the  diiferent  disease  symptoms;  but  now,  corres|Xjnding 
to  the  general  advance  in  pathology,  we  advocate  the  dt«?trine  of  the 
**  toxic  effect  **  of  helminthes.  Moreover,  for  a  large  number  of  worm 
diseases  this  hypothesis  is  supportetl  by  careful  observations.  The 
reflex  theory  is  naturally  not  entirely  rejected,  liut  only  considerably 
limitcil  io  its  signiticance. 

Even  Oxifuris  vermicularls^  which  is  usually  regarded  as  an  irri- 
tating bnt  by  no  means  dangerous  parasite,  is  not  devoid  of  general 
effects.  This  is  obvious  from  an  observation  of  Buckler's,  who  found 
16  per  cent,  of  eosinophile  cells  in  a  forty -five-year-old  woman,  and 
only  the  presence  of  oxyuris  to  account  for  it.  Positive  observations 
on  the  capability  of  these  worms  to  jiroduce  anemia  have  not  been 
made,  yet  it  is  worth  the  attention  of  jiediatrists  to  determine  whether  j 
certain  anemias  of  children  are  not  due  merely  to  Oxyuris  vermicuiaris.  ^M 

That  Aftf'arw  fHmbrieoide^,  in  addition  to  its  mechanical  irritation,  ~ 
produces  and  excretes  toxins  bus  been  proved  with  certainty.  Huber 
showwl  that  the  Ixjdy  of  the  ascaris  contains  a  substance  with  a  pungent 
oily  odor.  This  investigator  experienced  once,  after  csirrying  out  an 
hour*s  macroscopic  and  microscopic  examination  of  fresh  round  worms, 
a  highly  tormenting  irritation  of  the  head,  neck,  and  hands,  folio wd  by 
the  development  of  a  severe  urticaria  on  the  neck  and  forehead,  a 
catarrh  of  the  right  external  auditory  meatus,  and  a  severe  conjuno- 
tivitis.  Whether  it  is  this  irritating  substance  which  produces  the 
anemia  associate*!  with  Ascaris  lumbrictiides  we  can  not  stiite  with  cer- 
tainty, though  it  is  highly  probable.  That  this  parasite  is  the  original 
cause  in  many  cases  of  anemia  is  evident  fmni  the  reports  of  Baelz, 
who  quickly  cured  the  anemias  by  removal  of  the  worms. 

[Solley  reports  a  case  of  ascaris  infection,  with  associated  pernicious 
anemia.  In  another  case  a  marked  eosinophilia  evidenced  the  general 
effcciii    r>f  the   parasitic   dij^ease,     A   case    of  ascarides  with   marked 
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anemm  was  reportod  from  the  iJenner  Hospitiil  at  Berne  (quoted  by 
Cabot),  in  which  the  red  corpuscles  iitimbcrcd  2,480,000  before  expid* 
sioQ  of  the  parasites^  and  two  weeks  after  the  expulsion  rose  to 
4,200,000.— Ed.] 

According  to  Peiper,  toxicity  is  likewise  attributable  to  the  eehlno-' 
coccus^  as  might  l>e  concludttl  from  the  many  case^  in  which  urticaria 
ooenrretl  from  contact  with  the  fluid  after  puncture  of  a  vehicle. 
[Sabmzes*  reports  7  cascis  of  hydatid  cysts  occurring  in  adults. 
BliMid-counts  were  obtained  in  4  instaot^eH.  In  the  fii*st  the  cyst 
occurred  In  the  liver.  The  red  corpuscles  were  slightly  reduceil  in 
number.  There  was  moderate  leukocytosis  with  distinct  eosinophilia 
(1584  per  c.mm.,  instead  of  180  per  c.mm.).  In  the  second  c^se  the 
erst  occupied  the  left  lobe  of  the  liver.  After  an  exploratory  puncture 
tliere  was  slight  feVer,  and  during  this  time  the  eosinophilia  did  not 
exceed  1.5  per  cent.  Later,  when  the  tempmture  subsided,  the 
eofitnophiles  increaseti  gr^itK%  the  number  reaching  911  [ier  c.mm. 
In  the  third  case,  one  of  multiple  cysts,  the  eosinophiles  numberetl  694 
per  c*mm.  In  the  fourth  a  cyst  had  occupied  Scarpa^s  triangle  for 
fifteen  years.  Li>cnl  eosinophilia  was  tlie  striking  feature.  In  2  other 
cases  of  hydatid  cyst  of  the  liver  the  eosinophilcs  numbered  11,81  per 
oeot.  and  17  per  cent.,  while  in  the  third  case  they  numbered  4*4  |>er 
cent, — Ed.]  The  alteratiuns  in  the  blood  attributed  tt>  the  toxic  effect 
of  trichiniB  have  been  thoroughly  discu.s^ed  in  the  tirst  part.  Nothing 
positive  hwi  been  determint^I  in  reg-ani  to  the  action  of  these  two 
helminthes  in  the  production  of  anemia. 

fHlaria  sanguinis  homhiis  and  Dktoma  fHrmatobinm  are  associated 
witli  very  severe  anemic  conditions.  Both  occur  in  the  l>hx»d  o(*  man 
and  produce  severe  hematuria,  chyluria,  and  diarrhea.  Their  anemic 
aotioQ  is,  therefore,  sufficiently  explained  without  the  assumption  of 
toxins.  [W.  J.  Calvert*  refers  to  the  ooeurrenee  of  eosinopliilia  in  a 
case  of  filariasis.  The  eo^sinophiles  were  largely  increased  in  the  middle 
of  the  night,  and  the  number  varied  bet^veen  3  and  12  j>ercent. — Ed.] 

The  most  accnimte  and  successful  investigations  have  i>een  done 
in  relation  to  Ankifftjsfoimi  (duodena h\  The  well-known  severe  form 
of  anemia  which  has  been  found  es{>ecially  in  brickmakers,  and  has 
since  been  attributed  by  Griesinger  solely  to  Aukylostoma  dumlenale, 
has  undoubtedly  a  dfjuble  pathogenesis,  in  that  it  is  the  result  of  the 
withdrawal  of  blood  by  the  worm  and  of  toxic  substances  elabonittnl 
by  it*     It  is  naturally  conceivable  that  in  any  single  case  the  anemia 

'  Miifwk  m*^,  WVA^fiwfAr.,  Mnrcli  31,  1903, 
>  Johrn  MopkiM  HtMp,  Bull.,  June,  1902. 
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may  be  entirely  due  to  the  hemnrrliages  or  to  the  toxic  effects.  Ac- 
cording to  Ltichtensternj  the  first  predonunates  in  acute  cases,  the 
second  in  chronic,  though  in  general  an  associatetl  effect  of  the  two 
factors  must  be  assumed.  That  the  amount  of  blood  drawn  by  the 
pamsites  is  not  too  insignificant  to  prochice  an  anemia  is  shown  by  the 
post-mortem  reports  of  crises  of  aukylostomiasisj  as,  for  instance,  those 
of  Ernst,  He  describes  the  small  intestine  in  1  case  as  follows  :  *'  Oa 
the  mucous  membrane  of  the  small  intestine  is  an  uncommonly  large 
amount  of  tenacious  mucus  which  shows  here  and  tliere  throughout  the 
first  meter  a  reddish-brown  c^ilor^  in  the  following  meters  a  more  intense 
color,  and  fn)m  the  fourtli  meter  ou  the  intestinal  contents  consist  of  a 
regularly  dark  chocolate-hrowo  slimy^  fluid  mass,  the  color  of  whicb  is 
evidently  due  to  blofxl.  From  the  seetHid  meter  of  the  small  intestine 
to  the  end  numerous  flea-bite-like  ecchynn^ses  on  the  raucous  naem- 
brane,"  Aceortling  to  Ernst  and  Tjeiehtenstern,  this  hemorrhagic  mass 
seen  in  the  intestine  consist^s  princifially  of  the  evacuations  of  the 
worm,  which  sucks  itself  full  of  blood  at  the  site  of  attachment. 
These  two  investigators  describe  further  microscopic  observations  on 
living  ankylostomata  ;  **  the  gradually  dying  ankylostoma  emits  from 
its  belly  mouth  at  almost  regular  intervals  clouds  consisting  of  red 
blood-corpuscles  similar  to  the  clouds  of  smoke  which  are  emitted  in 
puffs  from  the  smokestack  of  a  locomotive."  Acairding  to  Leichten- 
sterUj  this  phenomenon  is  observetl  especiolly  in  recent  cases  of  anky- 
lostivmiiisis  which  show  severe  bloody  diarrhea  leading  to  intense  acute 
anemia  and  death. 

[Loeb  and  Smith  ^  have  recently  shown  exi>eri mentally  that  th 
ankylostoma  contains  a  suhstance  which  iuliibits  coagulation.  This 
substance  was  found  almost  entirely  in  the  cephalic  portion  of  the  para- 
site. This  may  have  an  important  l>earing  oo  the  development  of 
anemia. — Ed.] 

That  in  ankylostomiasis  the  anemia  may  be  produced  by  the  acute 
or  subacute  lasses  of  blood  is  undoubted  ;  that  it  may  be  produced  by 
the  action  of  t<ixins  is  practically  established.  Lussiina,  in  1890, 
shf>wed  that  a  pois*jnous  substjinee  was  excreted  from  tfie  ankylostoma 
into  the  intestine  of  its  host,  wsls  absorbed,  and  passed  over  into  the 
urine.  If  an  extract  of  this  urine  was  injected  into  the  circulation  of  a 
rabbit,  an  anemic  condition  was  pnxluced.  As  a  control,  Lussana  re- 
peated the  experiment  with  the  urine  of  the  same  person  after  the 
ankylostoma  had  been  expelle<l,  and  showed  that  the  urine  no  longer 
possessed  this  anemic  effect.     These  exfKTiments  were  later  confirmed 

'  Proceedings  ff  ikt  PhllnMphitt  PalHofogif  Soruiy,  .Jime,  1904. 
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^r  other  investigators.  (Further  experirnt'iits  are  necessary  to  show 
iow  much  these  eonoliisitms  lose  in  .signifioaiice  from  tlie  rt^cent  investi- 
^ificms  of  Bouehard  and  bis  pupils  im  the  toxius  in  normal  urine*) 

The  assnmption  of  a  ixjisonous  actiou  on  the  part  of  the  ankylo- 

*tortiata  finds  further  supi>ort  in  tlie  metaliolic  experiments  of  Rohland* 

^ht^se  showed  a  considemble   itjerease   iu  albuminona  decomposition  as 

^^n  as  a  considerable  increase  in  the  respiratory  quotient  in  2  cjises  of 

3n»  lcyIoJ!Itomia:*^b.     The  pure  post-hemorrbagic  anemias,  as  was  demon- 

st«-^^ted  above  (see  p.  164),  are  not  aeeomjmnicHl  by  an  increase  in  metab- 

**^  *^sra,  while  anemias  due  to  the  action  of  toxins  are, 

[E.  Becker  *  has  reported  a  case  of  j>ernieious  anemia  in  which  two 
^  '^^jjnia  saginatiB  were  found  in  the  intestine.  At  first  the  jmrasites  were 
^'^^-^'fcisidered  as  having  no  relation  to  the  anemic  condition,  bnt  as  there 
^"^^^  much  gastro-infestinal  disturbance,  probably  caused  by  the  para- 
^  ^^,  he  thinks  it  probable  that  the  anemia  may  have  been  caused  by 
'^  Anemia  has  also  bt^n  observed  in  eases  of  infection  with  tricho- 
^^^phalus  (Ostrovsky),  strougviuides  (P.  K.  Brown),  and  taenia  solium. 

Investigations  on  the  pathogenesis  of  boihriocephalu^  anemia  show 
Similar  results,  and  the  writer  will,  therefore,  discuss  it  in  this  section, 
though  it«  clinical  |iicture  is  to  be  drawn  in  cQunection  with  Biermer's 
anemia.  It  was  mentioned  previously  that  the  toxin  theory  of  worm 
anemia  (Key her)  took  its  origin  from  bothriocepliahis  anemia,  and  a 
aumber  of  the  investigators  (see  Schauman)  at  once  advrjcated  this 
view.  The  exf>eri mental  investigation  of  this  question  was  first  under- 
taken by  Vlajeff,  who  endeavonnl  to  extract  a  poisonous  substance  from 
the  tapeworms,  hut  without  positive  results.  These  were  first  obtained 
recently  by  Schauman  and  Tallqvist.  They  made  extracts  or  similar 
preparations  of  tapeworms  in  s^alt  solution,  and  demonstrated  oo  dogs 
(not  on  rabbits)  that  these  pi^paratioos,  both  hypodermically  and  per  08_, 
poesesseil  pronounced  globulicidal  properties  which  produeal  in  the 
animals  experimental  on  a  fatal  anemia.  Following  Elirlicb's  method 
the  investigators  were  able  to  demonstrate  in  test-tubes  the  difference 
between  dog  and  mbbit  bhxKl,  in  that  the  toxin  of  the  taj>eworm  pro* 
duoed  a  laked  appearanc*^  in  the  first,  but  not  in  the  scconil.  [Regard* 
iDg  the  effect  of  the  bothriocephalus  upon  the  organism,  Schapiro  and 
Deliio  first  suggested  that  destruction  of  the  parasite  and  decom|K>sitiou- 
products  resulting  from  the  same  are  the  causes  of  the  anemia,  and 
base  their  opinion  upon  the  finding  of  dead  |mrasites  iu  their  cases. 
Wiltflchur  developed  the  same  thought,  and  concluded  from  the  altered 
^  DeuOcA.  med,  WoeKenKkt,^  September  6,  1900. 
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characters  of  the  ova  that  the  parasites  were  in  an  unhealthy  state ;  and 
the  dlsooverj  of  cases  in  which  there  were  ova  but  no  parasites  (Schau- 
man  and  Neubiicher)  has  letl  to  the  belief  that  the  destruction  and 
absorption  of  the  jmrasite  is  the  cause  of  the  anemia.  Some  experi- 
ments liave  also  been  made  to  sliow  the  toxic  effects  of  the  parasite  by 
injecting  glycerin  extracts.  The  conQlusiVeness  of  these  miust^  how- 
ever, be  held  as  a  little  uncertoin. — Ed.] 

From  these  examples  it  appears  that  helminthiasis  plays  an  extremely 
important  role  in  the  origin  of  anemia,  and  that  in  man  it  is  principally 
toxias  elaborated  hy  the  worm  which  are  responsible  for  it. 

Anemia  as  the  Restilt  of  Intoucation, — It  is  neeessary  to 
describe  here,  in  a  few  wortls,  the  origin  of  simple  anemia  through 
iiitoxi(^tious  in  it4^  narrow  sense.  The  intoxications,  however,  which 
are  of  the  greatest  hematologic  interest,  namely,  those  produced  by  the 
so-called  "  blood  toxins,^'  in  which  the  bIof:Ki-corpuscles  are  directly 
destroyed  by  the  action  of  the  prison,  will  be  discussed  in  the  sectioa 
on  Hemoglobinemia, 

Among  the  other  poisons,  lead  is  undoubtedly  of  the  greatest  prac- 
tical significance  in  the  origin  of  anemia.  We  speak  fre<piently  not 
only  of  lead  gout  and  lead  kidney,  but  also  of  **  lead  anemia."  This 
is  justified  inasmuch  as  we  often  find  in  chronic  lead -poisoning  more  or 
less  marked  anemia  (Malassez,  v.  Limbeck).  Still  in  these  conditions 
we  have  to  do  with  no  particularly  characteristic  Ibrm  of  anemia  and 
no  direct  anemic  effect  of  the  metiiL  The  anemia  is  rather  to  be  re- 
garded as  a  result  of  the  severe  lesions  which,  acoording  to  Kussmall 
and  Maier,  are  produced  in  the  mucous  membrane  of  the  stomach  and 
intestine. 

Thtjugh  seen  less  frequently  in  practice,  arsenic-poisoning  likewise  is 
of  considerable  theoretic  interest.  Arsenic  has  undoubtedly  the  faculty 
of  not  only  acting  directly  on  the  eorpnscular  elements  in  the  bltxKl  and 
producing  an  increased  and  more  ra])id  destruction  of  them,  but  also  of 
acting  specifically  on  the  bone- marrow,  Acoording  to  Bettmann,  changes 
are  produced  which  correspond  to  those  of  simple  anemia.  The  anemic 
action  of  arsenic  is,  therefore,  readily  obvious  from  these  two  facts. 
Moreover,  in  the  clinical  picture  of  every  severe  anemia,  es|>ecially  pro- 
gressive pernicious  anemia,  we  find  conditions  strikingly  similar  to  those 
in  arsenic-poisoning. 

Other  intoxications  are  of  slight  practical  importance  in  the  origin 
of  anemia.  Though,  for  instance,  anemic  conditions  are  occasionally 
observed  in  connection  with  phosphorus-poisoning,  chronic  alcoholism, 
or  excessive  use  of  tobacco,  these  are  to  be  explained  not  by  auy  direct 
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effect  of  the  poison  on  the  blood,  but  as  a  result  of  the  injury  to  other 
vital  organs. 

[TaUqvist  ^  has  reported  elaborate  experimental  investigations  into 
the  effect  of  toxic  agents  on  the  blood.  He  employed  pyrogallic  acid 
and  pyridin  as  most  suited  for  his  investigations.  Among  other  results, 
he  found  that  after  the  administration  of  moderate  quantities  of  the 
poison  the  development  of  anemia  ceased  and  the  process  became  sta- 
tionary, or  an  improvement  occurred  unless  the  hemolytic  agent  was 
increased  in  dose.  He  believes  the  explanation  of  this  is  probably  to 
be  found  in  an  increased  hemogenic  function.  The  effect  of  the  poison 
on  the  red  corpuscle  was  twofold  :  first,  causing  a  d^enerative  change, 
and  second,  a  great  reduction  in  number.  At  the  same  time  there  was 
a  leukocytosis  of  polymorphonuclear  character ;  the  eosinophile  cells 
being  reduced  in  number.  The  more  chronic  form  of  experimental 
anemia  had  a  decided  resemblance  to  pernicious  anemia,  especially  with 
respect  to  the  behavior  of  the  hemoglobin  during  the  disease  as  well  as 
during  the  period  of  r^neration. — Ed.] 

SYBSPTOMATOLOGY  OF  SIMPLE  CHRONIC  ANEMIA. 

The  Changes  in  the  Blood. — In  the  first  place,  we  take  up  the 
alterations  which  the  blood  itself  undergoes  in  simple  chronic  anemia, 
since  these  show  most  accurately  the  deviations  from  the  normal. 

As  fiir  as  the  amount  of  blood  is  concerned,  we  must  be  content 
with  approximations  (see  pages  18  and  19).  In  estimatiDg  this  we 
simply  make  use  of  the  finger-prick,  and  in  accordance  with  the  freedom 
with  which  the  blood  flows  we  speak  of  an  increase  or  decrease  of  the 
entire  blood.  Naturally  it  must  not  be  forgotten  that  marked  variations 
may  be  readily  produced  by  vasomotor  influences  or  individual  differ- 
ences. Still,  frequent  experience  with  this  procedure  teaches  that  the 
amount  of  blood  in  the  large  group  of  simple  chronic  anemias  may  show 
marked  fluctuations,  a  fact  which  is  confirmed  by  ophthalmoscopic  obser- 
vation of  the  quantity  of  blood  in  the  retinal  vessels. 

Still,  even  though  a  simple  readily  manipulated  and  exact  clinical 
method  of  the  estimation  of  the  total  amount  of  blood  in  the  living  per- 
son were  at  our  disposal,  the  application  of  the  results  so  acquired  to  the 
determination  of  the  severity  or  the  kind  of  anemia  would  be  still  prob- 
lematical ;  for  we  frequently  see  very  severe  anemias  with  an  apparently 
normal  amount  of  blood  in  the  vessels,  and,  on  the  other  hand,  a  marked 
diminution  of  the  entire  amount  of  blood  without  other  characteristic 
anemic  alterations.     This  latter  is  represented  by  the  theoretic  "  oligae- 

^  Ueber  EepermentelU  Blutgift  AnaemUeny  Helsingfors,  1900. 
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mia  vera''  of  certain  writers  (Stintzing  and  Gumprecht).  Stintzing 
and  Gumprecbt  assumed  in  their  wlsus  ii  dimimition  of  the  entire  amount 
of  blood,  a  hypoplasia  of  tlie  bUw^d-tissue,  and  they  were  supported  in 
thi.s  assumption  by  tlie  general  external  anemia  a8.so€iatcd  with  a  normal 
number  of  ivd  blofKl-corpUfick-?^,  a  normal  aniaunt  of  hemogliibin,  of 
dry  substance,  et€.  The  theoretic  possibility  of  such  an  occurrence 
can  not  be  exclude<l,  yet  it  is  more  likely  that  these  cases  fall  under  the 
head  of  *'  Vascular  anemia  " — ^that  is,  merely  an  abnormal  distribution 
of  the  blocKl. 

The  color  of  the  blood  pre^^ented  by  the  drop  issuing  from  the 
finger-prick  can  be  distinguished  from  the  nonnal  by  the  nuked  eye 
only  in  advancixl  cases.  In  the  severest  crises  the  blooti  appears  not 
bomogeneoas,  but  like  a  drop  of  yellowish  fluid  in  which  float  reddish 
ckHids  in  fine  movement.  This  same  appearance  is  likewise  encoun- 
tered in  the  severe  cases  of  pernicious  anemia.  It  is,  therefore,  charac- 
teristic only  of  a  high  degreCj  not  of  any  pirticular  kinil  of  anemia. 

Alterations  In  the  staining  power  of  the  blood  are  much  more 
readily  estimated.  It  is  often  sufficient  for  an  expert  to  observe  a  drop 
of  blood  on  a  piece  of  linen  cl<jih  to  determine  approximately  the  dimi- 
nution in  hemoglobin*  Still  in  important  case*  we  natundly  seek  a 
more  accurate  expression  of  the  deviation  from  normal,  and  employ 
one  of  the  well-knrwn  instruments  (see  pages  27  and  28).  By  **uch 
sinipk^  niethrxLs  we  are  frequently  in  a  position  to  determine  a  normal 
piTceutage  of  hcmogk:»bin  in  cases  where  the  whole  appearance  of  the 
patient  would  snggci^t  an  anemiaj  even  of  odvancetl  degree.  Many 
superfluous  prescriptions  of  iron  are  thus  av*iidc<l  and  the  attention  of 
the  physician  is  directed  to  the  true  conditicm,  namely,  neurasthenia, 
a  gastro-intestinal  ailcction,  or  phthisis. 

The  proof  of  a  simple  anemia  is  based  entirely  on  an  evident  dimi* 
niition  of  the  coloring- power  of  the  bkiod — that  is,  of  the  amount  of 
hemoglobin — as  determined  by  a  sufficiently  accurate  metlicid  supported 
by  control  examinations.  "When,  fi>r  instance,  a  normal  j>erct»ntage  of 
hemoglobin  is  found  after  several  examinations  made  independently  of  one 
another  with  Flcischrs  hcmometerj  we  ai^e  no  lt»ngcr  justificil  in  speak- 
ing (»f  an  anemia,  no  matter  how  much  the  external  appearance  of  the 
patient  would  indicjite  it.  The  diagnosis  of  the  severity  of  a  simple 
anemia  is  likewise  to  be  determined  by  hemoglobinomctry,  secondarily 
by  other  methods  of  examination  of  the  blood,  and  only  finally  by  the 
general  symptoms.  Hayem  deserves  the  credit  of  being  the  first  to 
consider  the  p<Tcentagc  of  hemoglobin  as  the  decisive  criterion  of 
auemiay  in  contradiction  to  the  older  views. 
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Looking  over  the  almost  niimberk'?vs  tretiti^sus  on  this  subject — ^thmigh 
the  writers  confine  themselves  here  to  llie  monographs  of  Lei chteii stern 
and  Reinert  aiul  tlic  investigiitions  of  Oppeiiheiioer  iind  GWLljer — we 
find  the  widest  fiiietnations  imni  the  normul.  Tlie  minima  observed — 
18  i^r  cent. J  Fleisehl  {v.  Limbec'ik),  and  14  i>er  cent.  (Stintziiig  and 
Gumprecht) — were  in  eases  of  severe  cachexia.  In  fact,  it  is  the 
marantic  conditions  of  malignant  tumors  and  cjf  chronic  post-hemor- 
rhagic  processes,  in  which  sevend  causes  act  tf^ther,  that  show  the 
lowest  percentages ;  for  instiince,  in  malignant  tumors  ^ve  have  the 
action  of  the  specific  toxin,  of  severe  hemorrhage.'^,  and  i>f  ulceration. 

The  counting  af  the  red  blood -corpuscles*  winch  was  considered 
the  most  im|)^)^tant  factor  in  the  diagnosis  of  disease<l  conditions  of  the 
blotid  by  the  older  i n vest iga tors,  ha-s  lost  value  somewhat  from  the  obser- 
vatioD  of  simple  chronic  anemia.  Cases  of  chlorosis  especially  have  been 
observed  in  which  with  an  almost  abnormal  nunilwr  of  red  blood-cor- 
puscles the  percentage  of  hemoglobin  was  considerably  reducetl.  This 
iltsproportion  between  the  amount  of  hemoglobin  ami  the  number  of 
corpuscles  always  was  decided  in  chlorosis,  and  from  recent  investiga- 
tions Duncan  and  Gniljer  claim  tliat  this  is  a  characteristic  of  chlorosis 
in  contract  with  otlier  anemias  ;  further^  several  of  these  investigators 
even  contend  that  a  corresponding  reduction  of  hemoglobin  and  bl(H>d- 
GorptL^es  IS  a  characteristic  of  non-chlorotic  chronic  anemia.  Still,  it 
had  l>een  demonstrated  in  the  dis<njssion  of  acute  pcKst-hemorrhagic 
anemia  (see  curve,  Fig*  5)  that  other  anemic  conditions  !>t^idcs  chlo- 
roeis  may  show  a  di&prop<:»rtion  between  the  amount  of  hemoglobin 
and  the  number  of  corpuscles ;  and  further,  that  in  regeneration  the 
restitution  of  the  corpuscles  proceeds  much  more  rapidly  than  that  cif 
the  hemoglobin.  More<^»ver,  among  the  simple  chronic  anemias  we  find 
only  rare  cases  in  which  the  det^rease  in  the  I'cd  blood -corpuscles  is  as 
great  as  die  decrease  in  hemoglobin,  though  the  disproportion  is,  as  a 
rale,  not  so  marked  as  in  chlorosis.  From  Jjaache's  extensive  investi- 
gations io  csises,  for  instance,  of  sec«>ndary  anemia  due  to  pulmonary 
taberculosis^  it  appears  that  the  percentage  of  hemoglobin  is  on  an  aver- 
age reduced  about  22  jier  cent.,  the  number  of  bhwd-cnrpuscles  about  10 
per  cent»  Thij^  disi*roportion  was  most  striking  in  Laaclu^'s  C'ase  9,  in 
which  the  blood-corpuscles  were  somewhat  increased  above  the  normal 
average  (5,148,000),  while  the  percentage  of  heniogli>lvin  was  reduced 
to  about  35  per  cent.  On  closer  investigation,  therefore,  the  principle 
( maintained  by  Duncan,  of  a  correspondence  of  these  two  factors  in 
simple  chronic  anemia,  does  not  hold.  In  fact,  the  number  of  n^l 
blood^orpnscles  can  be  normal  even  when  a  diminution  in  hemoglobin 
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absolutely  establishes  tlie  diagnosis  of  anemia.  Still,  the  number  of 
blcHxl-corpuscles  is  u^imllv  tlecreased,  and  a  diraiuutioii  of  50  i>er  cent., 
and  even  more,  is  not  rare.  The  most  extreme  case  was  described 
by  V.  Limbeck,  and  no  cause  for  the  anemia  could  be  found  except 
extreme  poverty.  The  patient  (a  female)  showetl  on  admission  306,000 
red  blcHxI -corpuscles  per  cram,  (It  is  to  be  remarked  that  the 
patient  fuily  recovered,  and  after  seven  months  showed  a  corpuscular 
count  of  4,280,000.) 

In  relation  to  the  variations  in  the  specific  g^ravity  and  the  dried 
substance  of  the  blood,  nothing  of  importiince  is  to  be  added  to  what 
has  been  said  in  the  general  part.  It  was  there  shown  that  these 
two  factors  proceed  hand-iii-band  (even  though  not  absolutely)  with 
the  percentage  of  hemoglobin,  and  consequently  may  be  utilized  to 
express  the  degree  of  the  aiiemia.  In  fact,  some  investigators  prefer 
the  estimations  of  these  to  the  direct  estimation  of  hemoglobin,  since 
the  techuic  is  attended  with  less  probability  of  error  than  is  that  em- 
ployed in  c?olorimetry. 

The  relations  between  the  percentage  of  hemoglobin  and  the  specific 
gravity  are  sufficiently  apparent  from  the  tables  of  Hanmierst^hlag  and 
Dieballa  (see  Tables,  p.  30)*  A  disproporHon  occurs  when  the  anemia 
is  associated  with  albuminuria  and  dropsy,  since  in  this  case  not  only 
are  the  erythrocytes  specifically  lighter,  but  the  specific  gravity  of  the 
whole  Idood,  on  account  of  its  increase  in  watery  constituents,  is  dimin- 
ished to  a  greater  extent  (about  4—5  |>er  cenL)  than  the  percentage 
heratglobin. 

The  dritxl  substance  of  the  blood  in  anemic  conditi(i>ns  has  been 
investigateil  esiMx*ially  by  Stintzing  and  Gumprecht,  Maxou,  and  Bier- 
nacki,  who  determined  that  in  the  condition  which  has  been  described 
as  simple  chronic  anemia,  its  decrejuse  is  almost  proportional  to  the 
degree  of  the  anemia.  The  same  was  found  by  v,  Jaks<:'h  in  regard  to 
the  peiTentage  allmmin  determined  by  the  Kjeldald  methtMj.  There  is 
no  variety  of  anemia  which  can  be  differentiatetl  by  a  jDeculiarity  of  the 
dried  substance,  and  this  fact  teaches  us  that  in  the  large  series  of 
simple  chrnnic  anemias,  not  diffi^rcnt  kinds,  but  only  diflerent  degrees 
of  pathologic  altemtions  are  to  be  diffeivntiatc^l. 

A  few  statistics  from  Stintzing  and  Gumprecht  will  show  the  maxi- 
mum deviations  of  the  drietl  substance  from  the  normal  (21.6  per  cent* 
in  nxen,  19.8  per  cent,  in  women).  The  maxima  in  this  instance  are 
likewise  to  be  found  in  malignant  tumors — e.  ji/.,  in  several  cases  of 
gastric  cancer  (in  women).  With  a  hemoglobin  percentage  of  14 
(Gowers),  the  dried  substance  amounted  to  S.Q  per  cent. ;  with  15  per 
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cent  of  hemoglohin  and  1,400^000  bkx>d~e<>rpuscles,  to  9  per  cent; 
with  1 8  per  oeiit»  of  hemoglobin  and  1 ,900,000  red  blood-corpuscles,  to 
9,9  per  cent. 

Iq  r^ard  to  the  percentage  albumin  of  the  entire  blocxl,  which 
normally  amoimts  to  22.62  per  cent,,  v.  Jakseh  found  as  a  minimum, 
8.46  per  cent,  (drietl  substance  —  9.9  per  cent.)  in  an  anemic  with 
carcinoma  ventriculi. 

Only  one  ^inple  physical  method  of  examination  has  recently  shown 
qualitative  differences  in  the  bliKxl  of  etiolngically  different  anemias, 
namely,  the  separate  estimation  of  the  specific  gravity  and  of  the  dried 
sabetaoce  of  the  blood-serum. 

As  was  mentioned  in  the  first  |mrt,  the  serum  is  characterized  by  a 
Dotable  cODStaocy  in  its  dried  can,stituentj!i  in  comparison  with  the  entire 
blood.  This  was  denionstrateil  by  Hammerschlag  in  a  series  of  investi- 
galioiis  on  more  than  400  patients.  Nevertheless,  in  the  very  recent 
literature  h  found  a  communi«ition  from  Askanazy,  In  which  he  declares 
that  almost  all  aisles  of  anemia  show  an  increase  of  water  in  the 
serum ;  though  Hammerschlag,  \\  Limbeck,  and  Grawitz  insist  that 
there  are  only  isolated  cases  of  simple  anemia  in  which  the  law  of  con- 
stancy of  the  composition  of  the  serum  is  violated.  For  instance, 
Hammerschlag  found  in  a  severe  anemia  of  unknown  origin  a  hemo- 
globin percentage  of  15  (Fleischl)and  an  erythrocyte  count  of  1,700,000, 
with  the  specific  gnivity  of  the  entire  blo*xl  1032.5  and  of  the  serum 
1031  ;  in  other  wonls,  in  spite  of  the  advtmcetl  anemia,  no  trace  of 
hydremia  in  the  serum ;  while  in  a  considerably  less  severe  anemia, 
following  hematemesis,  with  25  per  cent,  hemoglobin  and  1,400,000 
corpuscles,  the  specific  gravity  of  the  serum  was  red  need  to  1022, 
Grawitz  also  found  in  post-hem orrhagic  and  post-inanition  anemias  an 
evident  reduction  of  the  specific  gravity  of  the  serum.  The  same  is 
onanlmously  asserted  by  all  writers  to  He  true  in  f*ases  of  nephritis 
aasociated  with  dropsy,  and  C.  Schmidt  chiims  a  diminution  in  the 
albumin  of  the  serum  in  all  conditions  in  which  there  is  a  copious  excre- 
tion of  albumin  by  the  intestine — e,  g.,  dysentery* 

The  question  whether  fiuctuatinns  occur  in  the  percentage  proportion 
of  the  different  albuminous  constituents  (albumin  and  globulin)  of  the 
serum  has,  as  far  as  the  writers  know,  not  been  definitely  determined. 
According  to  v.  Limbeck,  the  normal  fiuctuates  within  wide  limits 
(globulin,  16.9-^8,2  per  cent ;  albumin,  til. 7-83.1  per  cent.);  and  the 
single  caije  of  anemia  (its  true  nature  not  further  dcHcribed)  examined 
bj  tliis  investigator  and  Pick  showed  figures  which  fell  within  these 
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[Faville*  has  brought  forward  some  evidence  that  there  is  an  aug- 
mentation of  the  pro[K>rtion  of  globulins  after  hemorrhage* — Ed.] 

The  blofxl  ash  has  been  fre<iiieutly  studied  in  anemic  cfrnditions. 
Statistics  relative  to  this  are  found  in  the  much-quoted  older  works  of 
Beef|Uerel  and  Rodier,  as  %vell  as  in  the  recent  works  of  Biemacki, 
M< iraoKewsky,  and  Coenen.  Looking  over  the  careful  analyses  of  these 
investigatoi"s,  we  find  no  constancy  in  the  results  which  would  justify  us 
in  drawuig  conclusions  on  the  pathology  of  anemia,  Becquert*!  and 
KcKlier  tlieniselves  analyzed  an  immense  number  of  cases,  and  found 
such  contradictions  that,  un  account  of  the  findiug  in  a  single  case  of 
chlorotic  bltKid,  they  are  more  inclinetl  to  assume  a  considerable  error 
in  technic  than  to  Iw^lieve  their  own  figures  correct.  It  seems,  indeed, 
as  if  in  hematolngic  meth<Hls  the  difficulty  and  ciire  recjuired  stand  in 
inverse  proportion  to  the  value  of  tlie  results  obtained, 

Bet^qucrcl  and  Rodier  state  that  the  percentage  of  iron  in  anemic 
blood  is  in%^ariably  dimininheil  propirtiouatcly  to  the  degree  of  the 
anemia.  The  normal  average  of  0.5G5  iron  to  1000  gm.  blood  stands 
in  constrast  to  the  average  of  0,366  obtained  from  30  cases  of  anemia. 
Biernacki,  whose  normal  averages  agree  %*ery  well  with  those  of  the  tw*o 
French  investigators,  states  that  he  found  a  normal  percentage  of  iron 
several  times  in  anemic  conditions,  especially  in  chlorosis. 

The  wTiter  wishes  to  mention  a  recent  communication  of  Jolles, 
who  investigated  several  cases  of  chlorosis  and  anemia  witli  the  aid  of 
his  previously  described  ferrometer.-  The  amount  of  inin  iu  the  l>]ood 
is  most  readily  expressed  in  percentages  of  the  normal  ("ferrometer 
estimation  '')  similarly  to  the  amount  of  hemoglobin*  Jolles  found  in 
2  cases  of  chlorosis  with  70  and  55-60  jier  cent,  hemoglobin,  respec- 
tively, ferrometer  estimations  of  76,1  and  61,1  ;  in  other  worrU,  a 
pronounced  correspondence.  The  serum  was  free  from  iron  in  these 
cases,  as  it  should  be  physiologically.  Yet  2  cases  of  ** anemia" — 
a  more  accurate  description  is  unfijrtunately  wanting — showed  per- 
centages of  hemogk>bhi  ,of  28  and  15,  and  ferr^jraeter  estimatioDS 
of  68.6  and  41.7,  Sroreovcr,  in  these  cases  the  serum  contained 
iron,  though  in  quantities  ttK>  small  to  l>e  estimated.  It  is  probable 
that  an  important  r5lc  in  clinical  hematology  will  yet  be  played  by  the 
ferrometer* 

According  to  Riernacki,  anemic  lilrmd  is  differentiatetl  frfun  normal 

by  an  increase  in  water,  srrflium,  and  chlorin,  while  the  potas^sium  salts, 

iron,  and  phosphates  are  diminished.     The  reduction  of  potassium  was 

most  marked  in  every  case,     Bicrnacki*s  statements  in  repird  to  the 

»  Areh.  p.  L  Sci.  Med.^  1890,  liiL  '  Beicliert,  Vienna, 
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percentage  of  phosphorus  and  chlorin  have  been  confirmed  by  Morac- 
zewski. 

The  ex|>eriments  recently  done  by  A,  v,  Korduyi  on  the  osmotic  pre»- 
cure  of  the  blood  and  iiritie  in  different  di&jejises,  seem  to  promise  much. 
It  k  not  possible  ti>  go  Into  detail,  yet  it  may  \ye  statctl  in  reft^renee  to 
the  blood,  that  one  result  of  the  inve^itigiitioii  showed  die  lowermg  of 
the  freezing-point  of  the  blood  to  be  ver)'  sltght  in  the  majority  of  casea 
of  anemia.  Deviations  from  this  occur  only  when  the  atiemla  h  com- 
pl legated  by  dtsturbunee*?  either  of  respiration  or  of  urinary  secretion, 
conditions  which  are  chaructcri^Hl  by  a  considerable  lowering  of  the 
freexing-point 

The  coagulability  of  the  blood  and  its  sej^aratioii  into  serum  aiul 
coagulum  was  studied  by  Lcnuble,  a  pupil  of  Hay  em's,  witli  tlie  object 
of  discovering  how  anemic  bl<Mxl  behaved.  He  found  evident  differ- 
ences in  o<jmparis<jn  with  the  norniul  in  severe  cases  of  anemia  and 
chlorosis.  Clotting,  which  normally  took  about  ten  to  twenty  minutes, 
lasted  in  severe  ceases  (u umber  of  blood -ct^rpusctes  less  than  1,000,000) 
on  an  average  from  five  to  ten  minutes.  The  separation  of  the  serum  and 
clot,  which  begins  normally  about  twenty-five  minutes  after  with- 
drawal of  the  blood,  and  terminates  in  four  to  six  hours,  began  in 
isolated  cases  of  severe  symptomatic  anemia  after  ten,  eighteen,  and 
twenty  minutes,  and  terniinatetl  in  thirty-five  minutes,  seventy  minutes^ 
od  at  the  latest  in  three  hours. 

Lenoble's  numenjus  complete  prott>cols  demonstrate  tliat  these  two 
phenomena  of  clotting  and  separation  of  serum  show  a  remarkable 
correspondence  to  the  degree  of  the  anemia.  In  the  section  on  Pro- 
gressive Pernicious  Anemia  the  writer  refers  t4>  the  differential  diagnostic 
value  of  these  two  factors. 

The  degree  of  alkalinity  of  the  bl*x»d  has  been  likewise  frequently 
investigated  in  anemic  individuals.  The  older  literature,  with  its 
innumerable  contradictions,  may  be  entirely  omitted  since  A.  Lowy  has 
showii  the  inadeqnateuess  of  previous  methods,  especially  the  employ- 
ment of  opaque  blood*  Tjowy's  method  of  titration  of  the  hiked  blood 
has  been  recently  acc*epted  by  even  the  clinicians ;  in  fact,  C,  S.  Engel 
endeavored  by  an  especially  aMistructetl  **  alkali met^'r''*  to  estimate 
the  alkalinity  of  the  blo^xi  from  very  small  amounts  (0.05  cc),  though 
A.  Ijowy  eonsideis  the  results  obtained  V»y  this  UK^thod  to  be  doubtfuU 

[The  method  of  1x3 wy  may  bc^  described  briefly  as  follows  ;  45  cc. 
of  a  0.2  per  cent,  ammonium  oxalate  solution  are  placet!  in  a  50  o.c, 
flajsk ;  5  cc.  of  blood  are  added  and  mixed  with  the  oxalate  solution, 

*  Leitz,  Wetaler, 
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whicli  prevents  a^agulation  and  lakes  the  blood.  The  mixture  is  then 
tested  vvith  a  ^  normal  acetic  acid  s<:>liitioD»  using  5  c.c,  of  the  inixt* 
ure  for  each  test  and  lakraoid  paper  as  the  indicator.  Neutralization  is 
indicatcil  by  the  development  of  a  red  zone  at  the  edge  of  a  drop  of 
the  fluid  on  the  lakraoid  paper. 

Engel  has  devi^^ed  a  eon%'enient  apparatus  for  clinical  purposes,  the 
advantage  of  which  consistvS  in  the  fact  that  sufficient  bk»od  is  obtaine*! 
from  the  ordinary  puncture.  The  biooil  is  measured  and  diluted  in  a 
pipet  similar  to  thoise  used  for  blood-counting,  but  much  larger.  In 
this  50  em.  of  blood  are  diluted  with  5  c.c.  of  distilled  water.  This 
mixture  is  titrated  with  y^y  normal  acetic  acid  (1  gra.  acetic  acid  ta 
1  L,  of  water).     The  indicator  used  is  lakmoid  paper. 

The  normal  alkalinity  of  the  blood  as  determined  by  this  method 
has  varied  between  450  and  500  mg.  of  NaHO,  according  to  Lowy  and 
Engel.  Strauss,  however,  obtained  lower  fignres^l>etween  300  and  350 
mg. ;  and  Brandenburg  with  a  slightly  m<:>dilied  method  found  330  to 
370  mg.  ag  normal  limits. — Ed.] 

With  this  now  genenilly  reoognized  method,  USwy  himself,  among^ 
others,  examined  sevenil  cases  of  anemia.  Without  any  statement  as 
to  the  degree  or  the  variety  of  anemia  he  gives  the  following  figures : 

In  health : 

447.6«^508.%  mg.  NaOH  to  100  gm.  blood. 
In  anemia : 

Ouie  1 :  675.2. 
**    2:  555.2  (witb  onlv  11  per  oenL  dried  eubstiuice  in  tlie  Uood), 
"    3:  604,48. 
"    4:  360.0  mg.  NaOH  to  100  gm.  blood, 

K,  Brandenburg  worked  with  the  same  method,  and  found  the 
alkalinity  decreaswl  in  all  cases  of  anemia  (normal  330  to  370  mg., 
NaOH  to  100  gm.  of  IjUjckJ)  ;  for  instanc^^  in  a  puerperal  case  that  had 
become  very  aneniie  during  pregnancy,  212  mg.  •  in  a  e^se  of  anemia 
produced  by  actinomycosis  of  the  abdonunnl  organs,  202  mg.  Bran- 
denburg found  in  all  e^.ses  the  amount  of  albumin  of  the  blood  dimin- 
isihed  to  a  corresponding  degree. 

It  18  evident  that  these  two  series  of  observations  are  very  con- 
tradictory. Lowy  found  in  3  of  4  cases  a  high  normal  or  increased 
alkalinity  ;  Brandenburg,  a  decided  decrease.  Lo\iT  shows  in  1  case 
a  high  alkalinity  with  an  extremely  low  jiercentage  of  dried  substance  ; 
Brandenburg  asserts  on  the  basts  of  his  observations  a  correspondence 
between  the  alkalinity  and  tlie  drit^:!  substance. 

These  i^ontradictions  demand  further  investigation,  to  which  will 
also  fall  the  problem  of  di^-overing  the  significance  of  alkalinity  in  the 


SIMPLE  cm 


ANEMIA, 


217 


pathology  of  anemias  and  the  n^hitioriB  between  it  and  the  other  chemio 
and  physical  prtjpertion  uf  the  bl<i<xl. 

[A.  Limiii^re,  L.  Lumi^re,  imd  Ih  Barbier  ^  have  investigated  the 
value  of  the  titnition  metbud  for  determining  the  alkalescence  of  the 
blood.  They  |>oint  out  that  the  determinatiun  of  alkalescence  by  titra- 
tion gives  uncertain  resJiult.s,  IjcciULse  when  any  acid  is  added  in  ejccess 
and  the  excess  then  deterniinetl  by  titration  with  an  alkali,  a  certain 
amount  of  the  acid  remains  in  combination  with  organic  base^,  etc 
They  projwis^e  a  meth<xl  by  whicJi  the  comparison  between  the  weight  of 
blood  and  of  acid  is  Mbservinl,  and  in  which  titration  witli  iudin  is 
used  instead  of  a  colorimetric  method.  Von  Rigler  ^  has  studied  the 
lUestioD  of  the  totid  alkalinity  of  tlic  blood  and  of  that  of  the  blood- 
erutn  id  various  conditions.  He  determinetl  the  alkalinity  by  Fodor's 
method^  and  found  that  the  blood  in  all  cases  was  able  to  combine  more 
aeid  than  the  blood-f^erum.  He  found  that  the  action  of  micro-organ- 
isnis,  of  which  he  tcstetl  1 1  piitliogenic  varieties  in  63  experiments, 
was  constantly  in  the  direction  of  a  decreased  alkalinity  affecting  both 
the  total  blood  and  the  serum.  The  reduction  in  alkalinity  w^as  greatest 
hi  cases  of  fatal  infectit^ns,  though  not  necessarily  in  the  rajjidly  fatal 
form^;.  Bermin  ^  has  contributed  some  observations  on  the  alkalescence 
of  the  blo<xl  as  determineil  by  Tscherbaki*ff's  m<xlification  of  the  methf>d 
of  Landois,  and  in  12  healthy  persons  he  found  the  alkalescence  0.182 
to  0/218  gm.  of  NuHO,  There  was  a  reduction  in  cirrhosis  of  the  liver, 
jaundice,  pulmonarj-  tuberculosis,  bronchitis,  asthmu,  chronic  rheuma- 
tism, chronic  interstitial  nephritis,  malaria,  leukemia,  anemia,  chlortisis, 
diabetes,  gout,  and  obesity.  These  observations  agree  with  those  of 
others,  excepting  that  Peiper  and  Jacob  and  Graeber  found  an  in- 
crease in  alkalescence  in  chlorosis.  Bermin  found  in  9  cases  a  decided 
decrease,  which  increased  in  6  of  them  during  the  administration  of 
iron  in  proportion  to  the  increase  in  hemoglobin  and  the  number  of  red 
corpuscles. 

Dare  has  recently  devised  a  method  and  an  alkali  meter  for  carrj^- 
ing  it  out  which  seems  to  promise  usefid  residti?^.  The  instrument  eon- 
sistB  of  a  capillary  tube  (of  a  capacity  of  15  mg.  of  blood)  which,  pass- 
ing through  a  stopper,  fits  in  a  graduated  pipet,  the  upper  end  of 
wliidi  is  expanded  and  has  a  minute  opening  for  the  entnince  of  air, 
A  medicine-dropper,  marked  to  contain  2  c.c.  and  fitted  with  Rift 
robber  tubing,  is  used  to  expel  the  bloiid  from    the   capillary  pipet 

>  Arch,  tU  Mhl  txph-im.,  1902,  xiiL,  6,  p,  791, 
'  CkrUfidhl.f.  Bakttrid,,  imi,  xxx,,  22-26,  p.  823. 
*  ZeUtchr./.  klin,  Med.,  1900,  p.  365. 
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The?  capillary  tube  is  fill(>tl  frnni  a  drop  of  blood  obtaiaed  by  puncture 
and  is  then  placi^l  in  the  pipct  held  vertieally.  The  bluud  h  then  fnreed 
tlirough,  and  into  the  tulie  with  ditstilled  water  from  the  raedicinc-dropjx?r, 
and  water  is  added  until  the  mixture  reaches  a  point  marked  zero  in 
the  pijiet.  The  opening  in  the  pii)et  h  eovertnl  \vith  a  finger  and 
the  bl<Hjd  and  distilleil  water  thoroiigly  mixed.  The  drupj>er  i^  then 
filled  with  an  acid  reagent  composed  of  tartaric  acid  (Merck)  0.075, 
akM>hol  (94  per  cent,)  20  c.c.j  distilleil  water  q,  s,  ad  200  c,c, 
The  acid  solution  shoukl  Ik?  slow^ly  added  until  the  absorption  bjinds  of 
oxy hemoglobin  disappear  from  the  blood  mixture,  the  test  being  made 
with  a  Browning's  [K>eket  sj>ectroscope.  The  amount  of  acid  st>lution 
requirtd  is  noted  on  the  scale  of  the  pi  pet  and  the  alkalinity  can  \te 
computed  fiYim  the  foUowing  t^'ible  : — 

Scale  qJ  EquivatenU  Computed  from  a  Ba»ia  of  15  mg,  of  Blood  to 
^  c,c,  of  Acid  Solution  (^^  of  the  Nortnal). 

Umienmn  of  N*OH  to 
C.a  0f  reagent! .  10<)  cc.  of  blood. 

2.6 MbM 

2,4  ....... :ni\A) 

2.2 292.0 

2.0  .......... iMitiO 

1.8 .  239.0 

1.6 212.0 

1.4 i7ao 

1.2 ifiy.o 

1.0 133.0 

0.8 .  96.0 

0.6 79.0 

0.4 63.0 

0.2  . 26.6— Ei>.] 

The  anomaly  of  the  bloud  which  constitutes  the  cs.sence  of  iinemia, 
the  diminntiou  of  liemoglobin,  is  likewise  visible  in  the  morphologic 
appearance  of  the  red  blood -corpuscles. 

In  order  to  rec^)gnize  niicrose^jpicidly  a  slight  decrease  in  hemoglobin 
(about  10  per  cent.)  it  is  not  .sulhcient  to  limit  one's  self  to  the  exami- 
natit>n  of  tixe  fn:*sih  bhwd,  but  the  stained  dried  [>re|>arations  must  be 
brought  into  service.  We  observe  theu»  especially  in  preparations 
8tainc*d  with  msin»  pretty  considerable  differences  in  the  staining  of 
the  red  bLjcMiKM>rpuselc*s  (sec  also  p.  47).  In  the  first  place,  we  see, 
ID  addition  to  the  discs,  which  sliow  by  their  staining  a  normal  amount 
of  hemoglobin,  much  leps  intensely  stained  cells.  In  the  second  place, 
the  physiologic  concavity,  which  in  the  normal  red  blood -co  rpascle  is 
indicated  by  a  somewhat  greater  transparence,  or  at  most  by  a  complete 
absence  of  central  stain,  becomes  decidedly  more  conspicuous.  The 
less  the  amount  of  heinog'l*»bin  in  the  corpu.^le,  the  more  the  coloring- 
matter  is  retracted  from  the  center,  till    in   very  marked  cases  only  a 
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small  staiiic?d  ring  surroundetl  a  oomimratively  large  colorless  disc  i^ 
left  ("pes«an'  fbrmis/'  Litk'n)*  It  murtt  l>e  rememlK^n*d  tluit  individual 
cells  show  the  imiw»%^eri,shmt^iit  in  bemoglobin  to  very  diflerent  degrees, 
and  that  in  the  satne  field  en'throcjtes  with  a  nornml  amount  of  hemo- 
globin may  be  fninul  alongside  of  extreme  pessary  forms.  The  oligo- 
chromemia  is  naturally  then  to  be  estimated  not  trom  the  imprveririh- 
ment  of  individual  cells,  but  from  a  general  survey  of  the  prej*iirution 
which  notes  whether  the  cells  with  a  normal  amount  of  hemoglobin 
predominate,  or  are  in  the  minority,  c»r  whether  only  eel  Is  showing  a 
hiss  of  hemoglobin  are  to  be  found.  In  high  gmde?^  of  tineraia  with  a 
hemoglobin  |>er  cent,  of  30,  20,  or  under,  we  sometimes  find  not  a 
single  cell  with  a  n(»rraat  appearance,  but  pes.^ry  torms  exclusively,  iu 
which  even  the  ring  may  take  the  stain  but  feebly  (see  Plate  L,  Fig,  2), 

Poftfchronutfophilic  or  atiemie  degeneration  is  also  evident  iu  the 
blood-discs,  even  in  mild  cases  of  anemia,  though  neither  the  numlier 
of  degenerated  cells  nnv  tl»e  inteasity  of  the  tlcgeneration  eorresiM)nds 
so  exactly  with  the  degree  of  olig<K.^h  rumen  da  as  the  l>eliavior  of  the 
eells  to  stains.  The  anemic  degeneration  may  be  more  pronounced  in 
cases  with  high  ]>ercentages  of  hemoglobin  than  in  severe  anemic  con- 
ditinns.  The  determination  of  the  factors  on  wliicli  these  ihfiereuces 
are  directly  dei>endent  byanumlKT  of  comparative  examinations  would 
be  in  many  ways  an  important  and  interesting  study, 

Poikiffjci/toifiji — L  e*,  a  deviation  fnim  normal  size  or  shape — is  a 
symptom  peculiar  to  all  kinds  and  ilegrees  of  anemia,  and  even  in  mild 
cases  botJi  forms  of  poikilocytes  are  encountered.  Nevertheless  iu 
simple  anemias  the  blood-corpuscles  undergo  changes  in  size  in  only  one 
direction,  namely,  toward  diminution,  never  towaitl  enlargement. 

Isolate^l  bhj<x^-^^(^rpuscles  under  the  nornml  average  (about  7.5  p) 
also  occur  in  normal  blood,  but  in  anemic  blood  they  actually  predomi- 
nate in  number.  In  ad%'anced  cases  of  anemia,  normal  sized  refl  blood- 
corpuscles  may  be  entirely  wanting.  The  smallest  red  bloml -corpus- 
cles, the  mierocytes,  have  a  diameter  of  only  about  2  /i. 

The  changes  in  shape  are  likewise  more  pronounced  the  more  advanced 
the  general  oligoehromemia.  In  conditions  showing  very  low  per- 
centages of  hemoglobin  we  may  find  sea  red  y  a  single  eor[mscle  of 
normal  shape,  every  distortion  imaginable  being  evident.  Still,  indi- 
vidual corpuscles  may  show  on  staining  a  normal  amount  of  hemo- 
globin, even  tbougli  they  are  abnormal  in  size  and  shape.  Moreover, 
the  fact  that  the  concavity  remains  in  the  poikilocytes,  goes  to  prove 
their  full  functional  capability  (Ehrlich)*     (See  Plate  I.,  Fig.  2.) 

Though  the  morjihologic  abnormalities  described  in  the  two  preeed- 
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iDg  sections  are  apparent  in  every  preparation  of  anemic  blotxl  and  id 
nnmberg  corresponding  more  or  les.s  to  the  severity  of  the  disease,  this 
18  not  true  of  the  nucleated  blood-corpuscles.  The  occurrence  of  these 
depends  neither  on  tlie  severity  of  the  anemia  nor  its  causation — that 
iSj  the  manuer  of  its  origin.  In  one  form  of  simple  anemia,  namely, 
acute  po8t-l)cmorrhagie,  er}'thRiblast8  are  found  in  a  relatively  hirge 
number  of  cases  and  apparently  with  a  certain  reg^ularity  (see  p*  1 60). 
In  otiier  chronic  wises,  liowevcr,  their  occurrence,  as  far  a^  our  jire.sent 
knowle^Ige  is  concerned,  is  absohitely  irregular.  In  the  wmie  case  they 
may  be  present  one  day  and  absent  the  next  without  any  other  altera- 
tion of  the  blood  or  the  general  condition  ;  and  further,  among  several 
ca.se8  of  anemia  of  Hpial  severity  and  the  same  etiology,  one  may  shtiw 
nucleated  blocxl-corpuscles,  the  other  not.  Though,  from  ail  that  we 
know  about  the  en-throblasts,  we  must  assume  that  their  appearance  in 
the  blood  is  a  sign  of  increasi:xl  reparation  due  to  increased  activity  of 
the  bone-marrow,  we  can  not  say  what  irritant  attracts  them  into  the 
circulation. 

In  simple  chronic  anemias  we  encounter,  as  a  rule,  only  one  form 
of  nucleated  red  blood-corpuscles,  namely,  normoblasts  ;  though  in  rare 
cases — €,  g,f  of  traumatic  anemia— microblasts.  If  in  a  large  number 
of  bloo<I  examinations  now  and  again  a  megaloblast  is  found,  this  is  ta 
be  regarded  only  as  an  extremely  rare  exception  which  might  possibly 
be  explained  by  the  further  history  of  the  patient. 

The  behavior  of  tbe  white  blood -corpuscles  in  simple  anemic  con- 
ditions is  but  little  characteristic  for  the  anemic  process  per  se,  and  is 
almost  always  dependent  on  the  cause  of  the  blood  alteration  or  com- 
plications. In  the  pure  form  of  acute  post-hemorrhagic  anemia  the 
stimulation  of  the  bone^marrow  due  to  the  imp<jverishment  of  blood  is 
evidenced  by  a  greater  or  less  polynuelear  hyperlcnkocytosis.  In  the 
simf)le  chronic  anemias,  however,  the  influences  acting  on  the  white 
blo(Hl-ci«rpuscles  are  so  numerous  that  it  is  impossible  to  determine  in 
individual  cases  to  what  degree  the  deviation  from  the  normal  is  depend- 
ent on  the  anemia.  Still,  when  we  compare  a  large  nnml>er  of  cases, 
noting  esi>ecially  the  analog\"  of  erythroc*ytic  regeneration,  we  are  forced 
to  conclude  that  in  simple  chronic  anemia  also  the  bone-marrow  is 
stimulated  to  increased  work.  We  see  consequently,  in  practically  all 
cases  of  simple  chronic  anemia,  an  increase  in  the  polynuelear  neutro- 
philes,  though  the  extent  of  the  increase  is  very  variable  and  stands  in 
no  relation  to  the  degree  of  the  anemia. 

This  relation  is  best  illustrated  by  the  behavior  of  the  mmnophile 
cdls.     In  simple  chronic  anemias  every  degree  of  eosinophilia  is  en- 
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ooiintered.  If  a  neatrophile  fayperleukocytosis  or  a  marked  general 
increase  in  leukocytes  occurs,  the  percentage  of  acidopfailes  may  be  very 
low;  but  if  the  proportion  of  the  white  to  the  red  blood-corpuscles 
deviates  but  little  from  the  ordinary,  the  number  of  eosinophiles  is,  as  a 
rule,  high  (normal  4  to  6  per  cent.).  When  a  more  marked  eosinophilia 
is  seen,  it  must  be  regarded  not  as  the  result  of  the  anemia,  but  of  other 
specific  causes,  such,  for  instance,  as  helminthiasis. 

In  a  recent  very  careful  study  of  the  blood-pkUelda,  van  Emden 
showed  that  a  moderate  increase  occurs  in  anemic  conditions,  especially 
chlorosis.  Instead  of  the  normal  number  of  180,000  to  256,000,  he 
found  them  increased  to  558,000,  and  in  one  anemic  child  with  a  splenic 
tumor  to  829,000.  The  increase  in  blood-platelets,  however,  is  by  no 
means  constant,  and  holds  apparently  no  relation  to  the  severity  of  the 
oligochromemia.  As  demonstrated  first  by  Hayem,  a  regular  increase 
in  blood-platelets  is  particularly  evident  in  post-hemorrhagic  condi- 
tions. 

General  Symptoms  and  Symptoms  Manifested  by  Spe- 
cial Orgfans. — Simple  chronic  anemia,  as  was  shown  in  the  first 
section,  is  extremely  complicated  in  its  pathogenesis,  and  in  regard  to 
many  of  its  important  features  is  still  inexplicable.  The  problem, 
therefore,  of  determining  whether  certain  anatomic  and  functional  altera- 
tions of  the  individual  organs  are  in  any  way  characteristic  of  anemia,  is 
extremely  difficult  and  at  times  impossible.  There  are  two  factors  espe- 
cially which  require  the  most  careful  consideration  before  any  anomaly 
in  the  general  organs  or  tissues  should  be  attributed  to  the  action  of  the 
anemia  ;  namely,  first,  whether  these  anatomic  or  physiologic  alterations 
preceded  the  anemic  condition  or  developed  under  its  influence ;  second, 
whether  they  correspond  with  the  anemia ;  in  other  words,  whether  they 
are  the  result  of  the  same  primary  pathologic  processes.  A  criterion  for 
the  solution  of  these  questions  is  found  in  the  study  of  the  purest  form 
of  anemia,  namely,  the  acute  post-hemorrhagic,  and  this  is,  therefore, 
placed  at  the  beginning  of  this  work ;  though  observations  on  uncom- 
plicated cases  of  chlorosis  are  of  almost  the  same  value  in  this  regard. 

The  alterations  regularly  encountered  in  these  two  diseases  may  be 
justifiably  considered  "  anemic "  when  seen  in  other  cases  of  simple 
chronic  anemia.  Nevertheless,  although  the  possibility  can  not  be 
a  priori  denied  that  certain  anomalies  not  observed  in  acute  {wst- 
hemorrhagic  anemia  or  chlorosis  are  characteristic  symptoms  or  sequelae 
of  the  anemia,  we  must  first  determine  whether  in  a  number  of  cases 
of  chronic  anemia  of  like  pathogenesis  and  severity  they  are  regularly 
or  comparatively  frequently  found,  and,  further,  whether  in  the  case  of 
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causes  which  sometimes  but  nut  always  produce  anemia^  they  oocor  even 
when  the  bl^jotl  is  uot  affeeteti 

In  the  description  of  the  general  disease- picture  of  .simple  chronic 
anemia  we  may  bnrrow  the  general  features  of  the  description  of  acute 
[K>st-  hem  or  rhagi  c  anemia. 

Still,  in  the  external  appearance  of  advanced  «ises  a  difference  U 
manifested  between  the  two  groups,  inasmuch  as  the  pallor  of  the  skin 
in  acute  aoemiii  is  nither  whitish  in  contrast  to  the  yellowisih  tint  of 
chronic  anemia, 

I£  we  compare  acute  and  chronic  anemia  of  equal  severity,  we  find 
that  the  latter  manifests  a  less  pronounced  tnuscular  weakness — in 
fact,  only  in  very  .severe  cases  do  we  see  complete  muscular  exhaustion. 
Nevertheless,  all  eondititms,  even  the  slight  ones,  sliow  a  rciidy  fotigue 
not  only  of  the  muscles,  but  of  the  nervous  system,  of  the  organs  of 
special  scuse,  and  even  of  the  mechanism  eontnilling  intellectual  activity. 
In  addition  very  many  individuals  manifest  a  marked  oversensitiveness 
and  irritiihility  of  these  functions,  for  which  Immermanu  suggestt^d  tlie 
characteristic  and  generally  adopted  name  of  *'  irritable  weakness  '* 
(**  reizhare  Schwiiche  "). 

In  considering  the  special  symptomatology  of  simple  chronic  anemia, 
the  writers  w^Il  frei|uently  reier  to  what  has  been  previously  said  in 
order  to  avoid  rejx^tition.  The  tendency  to  edema  is  usually  more 
prontjuuewl  jji  chronic  eonditi*»ns  than  in  acute,  likewise  tlie  tendeney 
to  hemorrhages.  Since  the  latter  are  the  result  of  alterations  (fatty 
degenenitiou)  uf  the  vt^sel- walls,  they  usually  cicc^ur  only  after  the 
anemia  lias  existed  a  h:>ng  time.  The  rapid  recujx^mtion  in  acute  cases 
prevents  the  occurrence  of  these  alterations,  and  consecpieutly  of  the 
hemorrhages.  In  chronic  couditions,  however,  we  find  almost  regu- 
larly, hemorrhages  of  every  kind  in  the  shape  of  very  small  fiK?i  in  the 
skin  and  muenus  raenibranes,  especially  of  the  mouth,  stomach,  and 
intestine,  in  the  central  nervous  system,  the  i^etiua,  and  the  serous 
membranes.  Since  they  S43mctimes  lend  to  severe  losses  of  bltHxl  by 
epistaxis,  hematemesis,  etc.,  they  exercise  a  dangerfjus  counter-effect  on 
the  anemia. 

[Thomas  Hi>ustf>n  *  li;»s  made  some  observations  on  the  edema  of 
anemia  that  are  of  interest  here.  The  absence  of  reduced  weight  in 
anemics  he  holds  is  due  to  accumulation  of  fluid  in  the  blood  and 
tissues.  If  this  were  detlueted,  there  would  probably  Im*  fiaiotl  the  same 
loss  of  weight  in  anemic  patients  as  in  those  suffering  from  other 
chronic  disease's.  In  the  case  of  anemias,  especially  chlorosis,  the  first 
*  BriL  Mfd.  Jqut,^  June  14,  1902. 
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step  j^eera?*  to  be  a  riikliiiji:  oi^  the  system  of  the  excesj^ive  fluid.  In 
jiernicious  anemia  a  gain  in  weight  is  usually  signifcmt  of  an  imfavor- 
able  prognosis  when  the  hemoglobin  does  not  at  the  mme  time  improve. 
O^casionally,  however,  it  is  the  precursor  of  improvement.  The  edema 
of  anemia,  he  thinks,  results  from  hydremic  plcthoiii. — Ed.] 

The  condition  of  general  metabolisin  in  acute  anemia  i^  a  criterion 
of  it^  .state  in  simple  ehronie  anemia.  Under  the  complicated  conditions 
present,  to  attribute  the  abnormal ities  found  in  individual  eases  of 
cbmniq  anemia  to  the  uneniic  eouditiun  per  ^e  is,  to  bay  the  least,  liasty, 
siDOe  the  unknown  eflre<*ts  of  a  primary  disease  or  a  eijmplieiition  may 
be  resp*msible,  Pt>sitive  euiielusions  as  t<»  nielabolisni  in  anemia  can 
be  drawn  only  from  the  aiudy  of  acute  anemia  and  chlorosis.  From 
these  we  find,  contrar)'  to  previous  views,  that  there  is  no  anomaly  of 
metabolism  which  can  be  considered  characteristic  ol'  an  oligCK^hromemia 
or  any  anemic  eoiidition.  The  dirtienlty  mentionefl  alxive  of  den^iding 
whether  symptoms  assoetate<i  with  ehn>nic  anemia  are  to  be  amsiderefl 
as  due  to  the  anemia  per  se,  is  never  so  evident  as  in  disturbances  of 
the  digestive  tract.  Diseases  of  ttie  intestinal  tmet  and  anemia  very 
frequently  exist  together,  and  the  cpiestion,  wliich  of  the  two  is  primary 
and  which  see43ndary,  am  be  de<*ided  only  rarely  from  the  anamnesis, 
the  sulijective  symptoms,  and  the  objective  examination.  Chlorosis,  for 
instance,  is  a  striking  example.  This  is  associated  in  the  nmj(»rity  of 
cases  w\th  digt'stive  disturbances,  and  it  is  frequently  impossible  to  say 
whether  it  is  the  cause  or  the  effect  of  these  disturbances. 

Certain  criteria  are  funiishe<l,  first  by  the  secjuelpe  of  acute  post- 
hemorrhagic anemia,  and  secondly  by  observati<ins  which  show  that 
certain  gastro-intestinal  disturbances,  though  fre4]ueutly  seen  in  anemia, 
are  incM:)nt€stably  of  other  origin. 

The  behavior  of  the  appetite  is  variable,  and  is  undoubteilly  more 
dependent  on  the  primary  disease  or  the  t^use  of  the  ehronie  anemia 
than  on  the  anemia  itself.  Sometimes  anemic  patients  go  to  meals  w^ith 
a  normal  or  even  increased  appetite,  but  even  then  satiety  quickly  oecura. 
Other  cases  manifest  a  continuous  lack  of  ap|*etite  whirh  can  not  be 
combate<l  by  otherwise  etfrctive  ap]x4izers.  It  will  be  shown  later  that 
there  is  no  anomaly  of  secretion  to  explain  this  loss  of  appetite.  It 
may  be  ormsiden:*d,  therefore,  an  ass4x*iated  symptom  of  the  general 
reduction  of  energy  peculiar  to  anemia. 

The  appetite  is  also  frequently  influenced  by  piinful  sensations 
which  are  amused  by  the  introduction  of  food,  even  so-called  *'  light " 
food.  These  jiainful  sensjitions  may  be  also  inde|>endent  r^f  the 
introduction    of  food,  certain    areas    being    spontaneously    painful    or 
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esi)6cially  tender  to  pressure,  or  a  geoeral  diffuse  sensitiveness  of  the! 
whole  gastric  region  may  exist.  We  sometimes  see  very  severe  par- 
oxysms of  carditilgia.  Id  sueli  cases,  acoordiiig  to  Boas,  we  mu^^t  think 
of  J^light  lo.Swsej^  of  .suljstanoe  in  the  mncoiKs  membrane.  In  fact,  tlie 
pain  may  be  «ut!icicut  to  arouse  the  suspicion  of  an  ukus  ventriculi 
even  apart  from  the  sympt4)m  of  hemorrhage,  when  the  treatment  oor 
responding  to  it  should  te  instituted. 

The  oversensitiveuess  of  the  stomach  may  express  itself  l>esides  in 
an  easily  excited  nausea. 

Exact  investigation  of  the  gastric  functions  in  anemia  shows  a  dimi- 
nution of  the  ht/dro(jkiorw  acid  in  but  a  small  mmiber  of  cases  (Ritter 
and  Hirsch}*  Aca}rding  to  the  investigations  of  \\  Koorden  and 
othersj  the  hydrochloric  acid  is  excreted  in  normal  amounts,  or  is 
even  inercase<l  in  jmre  cases  of  chronic  anemia^  AH  the  investigators 
(v.  Noorilen^  Boas,  and  H.  Herz)  found  the  motor  function  of  the 
sttjmach  completely  undisturbed.  When  motor  weakness  of  the  stom- 
ach, thej*efore,  is  found  associated  with  anemia,  this  must  be  attributed 
to  other  causes* 

In  reference  to  the  intedinal  ftmMmif  the  material  at  hand  is  very- 
scanty.  A  priori,  the  frequent  very  good  nutritive  condition  of  anemics 
would  8how  that  marked  disturbances  of  intestinal  activity  can  scarcely 
lie  attributctl  to  the  anemia  jjer  se,  v.  Noorden,  to  whom  we  owe  tlie 
most  numerous  and  complete  investigations  of  this  subject,  demon- 
strated that,  contrary  to  the  generally  received  opinion,  no  diminution 
of  the  intestinal  t^cretion  exists  even  in  cases  of  advanced  chlorosis. 
Moreover,  he  found  the  fat  in  the  feces  quite  as  completely  broken  up 
as  in  health,  a  proof  of  the  normal  excretion  of  [mncreatic  juice. 

Under  the  direction  of  tlie  same  observer,  Lipmann-Wulf  undertook 
investigations  on  absorjdiov  in  anemia.  He  showed  that  in  severe  cases 
of  chlon^sis  the  fat  absolution  may  Ije  ptvor,  but  that  in  oUiers  equally 
severe  there  was  no  deviation  from  the  normal. 

The  absorption  of  dry  substances  and  albumin  Ls,  according  to  v, 
Noorden,  almost  always  normab 

V.  Noorden  further  criticised  the  assertions  of  previous  writers  that 
an  increase  of  albuminous  decomp4:>sition  was  a  peculiarity  of  severe 
anemic  conditions.  His  pupil,  Rethers,  reports  that  pretty  frequently, 
but  by  no  means  regularly,  aromatic  products  of  albuminous  deoom- 
jwsition  occur  in  very  large  quantities  in  the  urine  of  chlorosis, 

The  motor ^nefion  ofHu^  irikMine  is  frec|uently  diminished  in  anemics, 
and  obstinate  constipation  is  common  to  every  kind  of  anemia  ;  in  fact, 
certain  observers  (see  p.  200)  see  in  it  a  direct  effect  of  the  anemia  ;  still 
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we  find  often  enough,  even  in  severe  anemia,  entirely  regular  evacu- 
ations. 

A  ftirther  discussion  of  the  special  symptomatology  of  simple  chronic 
anemia  is  unnecessary  since  it  would  only  be  a  repetition  of  what  has 
been  said  in  relation  to  acute  anemia.  The  writer  wishes  only  to  refer 
to  several  symptoms  which  for  a  time  were  r^arded  as  especially  char- 
acteristic of  progressive  pernicious  anemia,  and  which  are  likewise 
found  in  simple  anemias  of  severe  grades,  namely,  retinal  hemorrhages, 
fatty  degeneration  of  the  heart,  degenerative  conditions  of  the  brain 
and  spinal  cord,  and  atrophic  alterations  of  the  stomach  and  intestinal 
mucous  membrane.  The  complete  description  of  these  interesting  alter- 
atbns  is,  for  evident  reasons,  reserved  for  the  section  on  Progressive 
Pernicious  Anemia.  Nevertheless,  the  writer  must  insist  that  they  are 
by  no  means  peculiar  to  Biermer's  disease,  but  are  also  seen,  even 
though  comparatively  rarely,  in  the  very  severe  forms  of  simple  anemia. 
In  fact,  a  direct  connection  between  the  severity  of  the  anemia  and 
the  occurrence  of  these  d^enerations  by  no  means  exists;  on  the 
contrary,  we  seem  to  have  to  do  with  diflFerences  in  the  pathogenesis, 
since  of  several  cases  of  equally  severe  simple  anemia  one  will  manifest 
these  symptoms,  the  other  will  not. 

Moreover,  reference  may  be  made  to  the  section  on  Progressive  Per- 
nicious Anemia  for  the  anatomic  findings  in  simple  chronic  anemia, 
among  which  special  importance  can  be  attributed  only  to  the  changes 
in  the  bone-marrow.  There  is  not  sufficient  material  at  hand  to  say 
with  certainty  how  often  and  under  what  circumstances  the  lymphoid 
transformation  of  the  marrow  of  the  long  bones  takes  place  in  simple 

chronic  anemia. 

DIAGNOSIS. 

The  diagnosis  of  simple  chronic  anemia  can  usually  be  made  from 
the  general  clinical  symptoms ;  still,  on  account  of  the  previously 
mentioned  abnormalities  in  the  distribution  of  the  blood  (**  vascular 
anemia ''),  the  diagnosis  should  be  made  secure  in  any  doubtful  case  by 
estimations  of  the  hemoglobin.  Moreover,  in  all  cases  of  severe  anemia, 
especially  those  in  which  the  cause  is  not  recognizable,  a  careful  morpho- 
logic examination  of  the  blood  is  indispensable. 

The  most  important  diagnostic  consideration,  the  differentiation  of 
simple  and  progressive  pernicious  anemia,  will  be  discussed  under  the  lat- 
ter heading  (see  p.  311). 

THERAPY. 

The  treatment  of  simple  chronic  anemia  is  completely  successful  only 
when  its  cause  can  be  found  and  combated.     If  a  definite  etiology  is 
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found  Jn  any  case,  ull  treatnu^nt  directed  toward  the  anemia  alone  may  be 
omitted  and  the  s^[>eeial  mdieaiioos  applicable  to  tliis  aiwe  follxjwed. 

Id  cases,  huwever,  in  which  the  anemia  continues  after  the  primar)^ 
disease  or  tlie  cause  of  the  anemia  is  removed,  nr  in  ea^'s  of  unknown 
origin,  nitHlical  treatment  must  be  directed  against  the  anemia  itself. 
The  principal  jwints  in  the  treatment  have  been  indicated  in  discussing 
acute  |X)st-hemorrhagic  anemia. 

Clironic  anemia  re<[uires,  in  the  first  place,  complete  physical  and 
mental  rest,  am!  in  severe  cases  this  should  be  t^btaineil  by  even  weeks 
in  beil  and  the  greatest  pos^iible  isolation. 

No  gi^neral  jirinciples  of  nutrition  are  specifically  applicable  to 
anemia  since  its  metabolism  is  in  no  way  peculiar.  In  individual  case^ 
the  diet  is  determined  by  the  general  nutritive  condition  of  the  patient 
judged  from  the  functional  jjower  of  the  digestive  organs.  A  sj^^^'ial 
preference  is  given  on  tlie  menu  card  of  every  anemic  to  vegetables, 
esptx-iially  greeu  vegetables  and  frc*sh  fruit,  and  among  these  we  may 
mention  particularly  spinach,  asparagus,  apples,  and  stniwl>erries  od 
account  of  a  relatively  high  percentage  of  readily  aasimilable  iron. 

Climatic  treatment  of  simple  chronic  anemia  is  indicated  in  many 
cases.  Aft  a  matter  of  fact,  the  requirement  that  work  be  given  up 
completely  can  be  fulfilled  in  no  better  way.  A  sojourn  in  the  moun- 
tains has  often  a  nii>id  and  decided  effect  on  the  general  toqudity  of 
anemics,  and  certain  theoretic  investigations  of  late  years  indicates  that 
possibly  the  blood-making  organs  themselves  are  stimulated  by  the  eleva- 
tion. Robust  patients  may  without  fear  sojourn  in  the  mountains  up  to 
2000  meten?.  Feeble  patients  w^ill  do  Ijettcr  at  a  mtKlium  elevation 
(300  to  900  meters).  A  sea  climate,  especially  when  ccxd  and  dry^ 
together  with  sea  baths,  is  a  splendid  stimulant  for  robust  anemics. 

In  eases  that  are  not  too  advanced  hydrf»therap<'Utic  measures  in  the 
shape  of  mild  cold  water  rubbings  and  douches  may  be  employed ;  still 
it  must  be  reracmbere*:l  that  anemics  are  very  sensitive  to  severe  cold. 

The  most  imjKirtaut  medicament  in  simple  chronic  anemia  is  injn^ 
the  administration  of  which  has  been  thoroughly  discussed  in  the  pre- 
ceiling  se<-'tioix.  In  every  protraete<l  or  es|>eeially  severe  case  the  iron 
therapy  should  be  combined  with  general  treatment  as  indicated.  If  it 
is  not  successful  after  fnur  to  six  weeks,  arsenic  should  be  substituted. 
The  specific  effect  of  arsenic  on  the  formation  of  blood  and  its  method 
of  employment  are  explained  in  the  section  on  Progressive  Pernicious 
Anemia.  The  striking  results  frequently  achieved  by  a  combination  of 
iron  and  arsenic  in  chhirosis  naturally  make  their  ct>mbined  use  worthy 
of  recommentlation  in  otlier  anemic  conditions. 
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DEFlNmOR 


Biermer's  celebrateJ  discour^  in  tlie  year  1872,  in  which  the 
name  **  progressive  {:H?rDiciuii.s  anemia  "  was  em  ploy  et!  for  the  first  time, 
ooDstitutes  the  beginning  of  our  koowknigc^  of  this  Hubject  and  undooht- 
edly  gave  the  impulse  to  the  munerous  subsequent  investigations  ami 
com municat ions*  This  service  of  Bieriuer's  Iuls  been  generally  recognized 
even  by  those  who  came  forward  after  tlie  discourse  with  more  or  less 
justifiable  claim.s  to  priority.  While  referring  for  historic  details  to 
the  excellent  monographs  of  H,  Miiller  and  Eichhorst,  the  writer  would 
like  to  call  attention  to  the  iact  that  Lebert  in  1853,  and  Adtlison  in 
1855,  described  severe  anemic  conditions  which  they  expressly  differ- 
entiated from  others  as  a  special  form  ("  essential  anemia,"  **  idiojmthic 
ajiemta'^).  Still,  it  was  Bienner*s  eomnmnications  of  1868  and  1871 
that  first  succee<led  in  making  gcncnil  the  kuowlcHlgc  wliich  had  op  to 
liiat  time  l>een  limited  to  a  few  scientists. 

[Walter  Channiug^  first  descril>ed  cases  of  severe  anemia  (pernicious 
anemia)  in  association  with  the  puerperal  state  and  disejises  of  the 
Uterus ;  and  made  the  ctmdition  familiar  to  New  England  practitioners 
of  his  time, — Ed.] 

On  account  of  its  great  historic  importance  and  its  concise  yet  clear 
description,  the  liberty  is  taken  of  introducing  Bierraer's  discourse 
word  for  word.  The  report  in  the  (hrra^pondeiidthttf  j'iir  schweizeriifclhe 
Atrdff  Jahrgang  11,  1872,  No*  1,  reads  as  follows : 

"  Prt»f.  Biermer  made  a  report  on  a  form  of  progressive  ]>crnicious 
anemia  frequently  obs^jrvc^l  l>y  him  which  is  ordinarilv  associate*!  with 
fatty  processes  in  the  circulatory  appamtus,  and  as  a  result  with  capil- 
lary hemorrhages  in  the  skin,  retina,  bnuu,  the  meninges,  and  other 
§erc»us  membranes,  Biermer  has  been  investigating  the  pecidiarities 
of  this  dis^ise  for  five  years,  and  in  the  autumn  of  1868  gave  a  pre- 
liminary report  at  the  Dresdeuer  Naturforscherversammlung.  Since 
tbco  the  number  of  his  observations  has  increased  to  1 ,5,  so  that  it 
maj  be  said  this  disease  is  not  rare  in  the  Canton  of  Zurich,  It  occurs 
^  y^V}  England  Qttarierly  Jmir,  a/  Med.  cuid  Surg,)  Boetun,  1M2^S. 
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10  poor  |>eDi>le,  esjjCH'ially  in  women,  at  nlmnt  the  thirtieth  year ;  besides 
bad  sunitarv  cuiuHtiuiiH,  tbe  pueriKiriimi  sterns  to  pky  a  r5k'.  Still,  it 
also  CMX'urs  in  younger  and  older  individuals  of  both  sexes.  The 
youngest  patient  wa.s  a  girl  of  eijj^hteen,  tlie  olde>t  a  man  of  fifty -two. 
Insufficient  and  unsuitable  nourishment,  unsanitary  dwelling  conditione, 
protmetetl  diarrheas,  souietinies  hemorrhages,  precede  the  disease  and 
seem  to  favor  its  devehjpment*  Ac^oixliog  to  the  observations  so  far 
made,  the  most  frequent  forerunner  is  chronic  diarrhea  with  or  without 
gaj^tric  disturbaiiees.  Chlorosis  seems  to  precede  it  but  rai*ely,  and  a 
spontanams  eommenoement  witliout  an  evident  etiology  is  likewise 
exceptional.  The  disea.se  has  no  connection  with  affi?ctions  of  the 
epleen  or  with  malaria.  The  only  orgauie  disease  which  s<i  far  seems 
to  be  resipi>usible  for  the  origin  of  the  anemia  in  several  cases  is 
fuUieular  ulceration  of  the  large  intestine. 

**  The  symptoms  arc  as  follows:  1.  Auemic-hydremic  appearance. 
Markal  pallor,  emaciation,  but  no  atrophy  of  the  subeutancnus  fat  as 
in  cstrcinoma  and  phthisis.  Frequently  a  yellowish-white  color  without 
icterus.  In  advanced  stages  slight  c*denia  of  the  loose  subcutane<ius 
tissue  of  the  face,  feet,  and  hands  ;  sometimes  ascites,  2.  The  ordinary 
anemic  nervous  symptoms,  weakness,  vertigo,  |Mlpitation,  ete,  3, 
Digestive  disturbances  with  consequent  complete  anorexia  ;  indigestion, 
sometimes  a  sensation  of  pressure  in  the  stomach  ;  frequently  t>ccasional 
diarrhea,  4.  Circulatory  symptoms^  murmurs  over  the  heart  and  ves- 
sels, the  former  so  marked  as  to  give  rise  to  the  suspicion  of  valvular 
defects.  The  murmurs  are  systoHc  in  time,  though  once  a  diastolic 
murmur  was  addixl  to  the  systolic  without  any  valvular  disease  being 
found  |x>:^t  mortt'tu.  At  the  base  the  systolic  murmur  is  usually 
rougher  than  over  the  ventricle,  where  it  is  more  blomng.  The  heart- 
murmurs  arc  not  always  found  from  the  lieginning,  but  come  on  during 
the  course  and  become  stronger.  Over  the  cervical  arteries  murmurs 
and  sometimes  fr6missement.  The  latter  once  also  over  the  jugular 
vein,  which  bkewnse  showed  in  1  case  evident  pulsation,  all  without 
valvular  defeets.  When  the  heart  action  is  rapid,  the  lx?at  diffuse,  and 
the  duhiess  enlarges  1  by  a  slight  liydropericanlitmi,  as  repeateilly  liap- 
pens,  the  picture  becomes  very  similar  to  that  of  heart  disease,  and  od 
accouut  of  the  fever  frcfpiently  present  it  may  be  confusetl  with  endo- 
carditis. Section,  however,  shows  nothing  of  this  kind,  but  only  a 
partial  fatty  degeneration  of  the  heart- ujuscle.  The  heart  action  is  as 
a  rule  hastenetl,  the  heart-beat  diffuse,  wavy,  and  feeble,  5.  Fe\^r  is 
unimportant,  though  it  is  observeii  tmnsieiitly  in  almost  all  cases, 
sometimes  very  slight  iu  character,  sometimes  more  marked,  but  with- 
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out  special  type  and  short  in  duration.  In  1  case  the  fever  simulated 
tjrphoid  for  a  time,  and  the  physician  recommended  the  patient  to  be 
isolated.  Ordinarily  the  fever  is  insignificant  and  without  cause,  and 
has,  therefore,  been  briefly  designated  in  the  clinic  as  anemic  fever. 
Prof.  Biermer  conceived  a  humoral  cause  for  the  fever,  though  he  also 
considers  it  possible  that  small  internal  hemorrhages  and  disturbances 
of  digestion  may  be  the  causes.  Evident  local  causes  for  the  fever 
could  not  be  found.  6.  The  retinal  apoplexies  almost  always  found 
are  interesting.  They  were  discovered  even  in  cases  in  which  there  was 
no  subjective  complaint  of  visual  disturbances,  and  in  which  the  visual 
tests  proved  negative.  When  they  were  wanting  in  the  first  stage  they 
usually  appeared  later.  These  retinal  hemorrhages  were  naturally  evident 
post  mortem,  and  were  of  striking  appearance.  7.  Hemorrhages  into  the 
skin,  small  petechise,  were  more  rare.  Hemorrhagic  urine  and  epistaxes 
were  observed  only  once,  albuminuria  very  exceptionally.  8.  Scattered 
capillary  hemorrhages  were  found  in  the  brain  on  the  internal  surface 
of  the  dura  and  in  the  pia  several  times  without  characteristic  symp- 
toms during  life.  One  patient  succumbed  to  a  large  capillary  cerebral 
hemorrhage.  Another  patient  experienced  sudden  pain  in  the  right 
arm  and  leg,  scanning  speech,  right  hemiplegia  (including  face),  but  all 
the  symptoms  disappeared  in  half  an  hour.  Delirium  frequently 
occurred  toward  the  termination  of  life. 

"  The  course  showed  in  all  cases  a  chronic  increase  of  the  anemia 
and  hydremia,  an  appearance  and  augmentation  of  heart  symptoms, 
accidental  capillary  hemorrhages,  hydremic  effusions,  occasional  fever, 
eventual  anorexia,  and  often  diarrhea.  Pneumonia  and  erysipelas  were 
rare  final  complications.  A  fatal  termination  occurred  in  all  cases 
except  one  which  was  somewhat  improved. 

"On  section  Prof.  Biermer  found,  in  addition  to  the  universal 
anemia,  almost  always  partial  fatty  degeneration  of  the  papillary  mus- 
cles and  the  small  vessels,  which,  on  the  one  hand,  explains  the  heart- 
murmurs,  on  the  other,  the  capillary  hemorrhages.  The  fatty  degener- 
ated papillary  muscles  appeared  spotted  with  yellow  or  raarmorated,  and 
the  muscle  of  the  ventricular  wall  and  the  septum  often  showed  a  simi- 
lar appearance.  Marked  degeneration  of  the  cardiac  musculature  was, 
however,  exceptional.  In  the  large  arteries  there  was  nothing  abnormal 
or,  at  most,  verj^  small  areas  of  fatty  degeneration  of  the  intima,  while 
in  the  small  arteries  of  the  kidneys,  for  instance,  fatty  degeneration 
was  not  uncommon.  Fatty  degeneration  of  the  capillaries,  especially 
of  the  brain,  was  frequent.  Extravasations  of  spider-web  thinness 
found  on  the  internal  surface  of  the  dura  in  3  cases  showed  no  association 
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with  pachymeningitis.  The  speaker,  therefore,  considered  them  hem- 
orrhagas  depeiitleiit  on  the  fiitty  metamorplioses  in  the  aipillarie?^.  The 
capillary  apoplexies  of  the  hrain,  the  retina,  the  epieardinrn,  and  peri- 
cardium were  also  considered  dejx^odent  on  the  nutritive  disturbances  of 
the  t^pilliiry  walls,  Biermer  considers  that  this  last,  as  well  as  the  fatty 
degenenition  of  the  heart-iuuscle,  is  the  result  of  the  altered  composi- 
tion of  the  blood,  analogoosly  to  the  fatty  degenerative  pnx*e8S€S  so 
frequently  seen  in  the  tissues  after  interruption  of  the  arterial  circula- 
tion.     Liver,  spleen,  and  kidneys  showtKl  nothing  striking," 

Under  this  sympt-om -complex,  therefore,  Biermer  comprehended 
essential,  idiopathic,  primary  anemia,  as  well  as  the  aneraia  with  known 
etiology  and  pronounced  secondary  character ;  at  least,  in  several  cases 
he  expressly  {xiints  out  an  organic  disease,  fc^llicnlar  ulceration  of  the 
large  intestine,  as  the  starting'|K>int  of  the  disease.  Insistanc^e  on 
this  is  not  superfluous,  since  recent  writers  have  made  a  separation  of 
jirogressive  j>ernicions  anemia  into  primary  and  secondary. 

All  the  investigations  which  since  Biermer's  time  have  been  devoted 
to  progressive  pernicious  anemia,  even  those  which  contest  the  propriety 
of  placing  it  under  a  special  pathologic  head,  are  directly  or  indirectly, 
ct^nsciously  or  unconsciously  baswl  on  Biermer's  communication. 
Through  these  the  boundaries  of  progressive  pernicious  anemia  have 
experienced  many  alterations.  At  the  beginning  the  functional  and 
anatomic  disturbances  of  the  heart,  the  fatty  degeneration,  and  the 
retinal  hemorrhages  were  considered  pathognomonic,  Moreover,  after 
the  careful  work  of  clinicians  had  discovered  these  symptoms  both  sepa- 
rately and  together  in  cases  which  could  not  be  ditferentiated  from  the 
on!  i  nary  secondary  anemias,  other  "specific-'  {characteristics  of  progres- 
sive pernickms  anemia  were  found,  which  were  likewise  dethroned  after 
a  short  time.  Poikilocytosis  (Quincke),  microcytosk  (Eichhorst),  the 
transformation  of  the  flit-niarrow  of  the  long  bones  into  lymphoid 
marrow  [Pepper]  (Cohnheim),  were  all  found  in  cases  of  simple  anemia 
after  tliey  had  been  discovere^l  through  investigations  of  progressive 
pernicious  anemia,  and  were  thus  deprived  of  their  pathognomonic  sig- 
nificants. 

These  experiences  resulted  in  many  observers  (Eichhorst)  determin- 
ing the  diagnosis  of  progressive  pernicious  anemia  from  negative  facts 
alone.  Only  anemias  with  a  progressive  severe  course  advancing  with- 
out complication  to  death,  in  which  the  autopsy  showetl  no  organic 
disease  apart  from  that  belonging  to  anemia  per  se,  were  recognized  as 
progressi%'e  pernicious  anemias.  This  conception  is  probably  appro- 
priate to  the  essential  form  of  the  disease,  but  is  oontraiy  to  the  dense 


DEFLSITIOK 


231 


of  Biermer's  definition,  which  comprehended  conditions  originating 
from  or  cx;>mplii^ited  with  an  urgiinic  i!i?^*'asc\  Moreover,  on  the  com- 
pletion of  further  ob.servationiji  a  sharp  distinction  between  the  iso-ciUled 
essential  forms  and  those  of  sect^ndary  character  was  found  to  be  forced 
and  untenable, 

A  solid  basis  for  the  definition  of  progre4?sive  pernicious  anemia  w'as 
first  found  when  the  inmiense  gap  in  Biermer*s  work  was  lilled  by  au 
exact  de^ription  of  the  bhwel -changes.  The  gathering  together  of  the 
separated  members  of  this  gnmp  under  one  head  sliould  indisputably 
be  credited  to  the  methods  of  studying  the  histology  of  the  blood, 
Seveml  of  the  blo^K^  alterations  jjeeuliar  to  progressive  pernicious 
aaemiaj  the  sj>ecifieitj'  of  which  will  be  more  accurately  proved  in 
another  section  were,  at  least  in  i>art^  mentioned  in  the  older  obser- 
vations of  Hay  em,  Eichhorst,  Laacbc,  and  11.  F.  Mnllcr.  8dll  it  was 
Ehrlichia  w^ork  tlwt  clearly  defined  them,  and  showed  their  decided  sig- 
nificance for  progressive  j>ernicioas  anemia.  Accoitling  tf>  the  investi- 
gations of  Ehrlich  and  ids  predecesstjrs,  a  typical  case  of  progressive 
pernicious  anemia  shows  a  more  or  less  large  number  of  red  blood- 
corpUi^cles  of  more  than  the  normal  size,  while  in  simple  anemias  the 
erythnH-yte^  are  normal  in  size  or  smaller.  The  appearance  in  the  bl<icMi 
of  meg-aloeytes  as  well  as  of  their  nucleated  preceding  stages,  indicates 
that  the  r<?generation  of  tKe  blo<xl  no  longer  pi'oceeds  in  a  physiologic 
ay ;  in  other  words,  we  have  not  to  do  with  a  mere  increase  of  physio- 
pc  regeneration  similar  to  that  observed  in  simple  anemia,  but  the  bloml 
formation  itself  loses  its  physiologic  character  thrtjugbont  a  greater  or 
smaller  extent  of  the  b<me-marrow,  and  following  a  tyfie  which  is  never 
normally  seen  in  adults  simulates  the  formation  of  blootl  in  the  embryo. 

TIk's**  eharactcristics,  showing  as  they  do  a  profound  functional 
Iteration  in  the  most  imfjortant  bh^xl-making  organ,  namely,  the  bone* 
marrow,  shaq^ly  separate  the  anemias  in  %vhich  they  are  found  from  all 
others.  Moreover,  they  are  so  striking  that  they  demand  a  differentia- 
tion of  the  me^locytic  and  megalohlastic  anemias  from  the  normocytic 
and  normoblastic,  even  thouglt  this  classification  does  not  exactly 
correspond  to  Bicrmer's. 

Defining  the  boundaries  of  our  subject,  therefore,  we  have  to  do 
with  a  disease  showing  the  characteristics  describal  by  Biermcr  and 
Ehrlich.  These  will  naturally  be  more  thoroughly  discusse*!  later. 
Still,  we  must  rememlier  that  we  are  not  considerins^  a  disease  »ui  f/mtTtSf 
but  a  frequently  occurring  syndrome  arising  in  connection  with  very 
different  aiiections. 
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OCCURRENCE,  CAUSATIOR  AND  ORIGIN* 

Since  the  attention  of  physicians  was  first  directed  to  progressive 
pernicious  anemia,  it  han  l>ccn  frecjueutly  observed,  and  can  now  scarcely 
be  rcgrirdcJ  ay  a  great  ninty.  In  Berlin,  for  int^tance,  in  the  medical 
wards  of  the  three  large  city  bo^pitals,  148,000  patients  in  n>nnd 
numbers  have  been  treated  within  the  last  ten  years ;  among  these  the 
diagnosis  of  [progressive  pernicious  anemia  was  made  274  times,  in 
other  woixls,  in  alj<mt  2  per  cent,  of  all  internal  diseases. 

There  is  undoubtedly  a  variable  fircdisposition  to  the  disease  in 
diflerent  places.  As  is  well  known,  it  occurs  especially  frequently  in 
Zurich  and  its  immediate  vicinity,  where  Lelx^rt,  Gusserow,  and  Biermer 
collected  their  first  observatiims*  In  contmst  to  this,  in  Munich  and  - 
Prague,  according  to  Weigl  and  Klebs,  the  disease  is  very  rare,  so  that 
these  cities  seem  to  possess  a  relative  immnnity.  On  what  these  locul 
diflTeren CCS  depend  is  at  present  unknown.  Explanations  based  on  differ- 
ences in  nutrition  are  only  the  offspring  of  our  eml>arrassment,  for  the 
better  conditions  of  life  asserted  to  exist  in  Munich  are  evidently 
not  the  reason,  since  the  disease  is  not  rare  in  individuals  in  the  most 
favorable  material  circumstances. 

From  the  first  large  series  of  statistics  collected  by  H.  F.  Miiller, 
it  appeared  that  the  female  sex  was  affoctetl  much  mere  frec^uently  than 
the  male.  From  more  extensive  monographs  and  persi>nal  obser\'ations, 
the  writer  has  collected  240  anamneses  of  progressive  pernicious  anemia 
in  order  to  test  this  assertion.  These  showed  1 30  female  and  110  male. 
Among  the  previously  mentioned  274  crises  in  the  three  large  city 
hospitals  in  Berlin  (from  the  yearly  rei>orts  of  1887  and  1888  to  1897 
and  1898)  172  were  in  females,  102  in  males,  though  it  must  be  added 
that  the  female  divisions  of  these  hospitals  have  somewhat  smaller 
accommrxlations  than  the  male.  This  large  series  of  statistics,  therefore, 
would  sc^em  to  cftnfirm  H.  iluller's  statement  that  females  jx)ssess  a 
greater  susceptibility. 

[In  three  series  of  American  cases  the  preponderance  in  the  male 
Bex  contrasts  strikingly  with  German  statistics : 

MaJe.  rem»le. 

53 
48  14 


Cabot* 57 

McCtme  1 

McPliaedren     j    *    "    '    "    ' 


These  figures  correspond  very  closely  with  the  editor's  own  experience. 
Bristowe  and  Osier  also  found  the  disease  more  common  in  males. 
—Ed,] 

The  aff€  at  which  both  sexes  are  most  fretjuently  affected  comes  in 
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the  so-called  '^best  rears."     From  the  anamneses  of  the  previoiisly 
meDtioned  240  cases,  we  find  : 

In  tlie  first  decennium 1  case. 

•*    -  second  **  22  awes. 

"    •*  thiid  **  61      " 

**    **  fooith  "  67      ** 

««  fifth  "  47     " 

"    "  airth  "  33     *« 

«    "  ieTenth  "  7     " 

"    "  eighth  "  2     " 

Thoo^  the  third  and  fourth  decennia,  therefore,  are  particularly 
exposed  to  the  disease,  old  age  and  youth  are  not  entirely  exempt.  The 
case  mentioned  in  the  first  decennium  was  an  eight-year-old  girl  in 
whom  the  disease  followed  severe  gastro-intestinal  disturbance  (H. 
Muller).  Monti  and  Berggrun  report  from  the  literature  and  frt>m 
personal  observation,  16  cases  of  progressive  pernicious  anoniia  in 
children ;  2  of  these  were  nurslings,  5  were  between  one  and  five 
years  of  age,  and  9  between  five  and  fourteen.  It  is  to  be  remarked, 
however,  that  the  diagnosis  of  progressive  pernicious  anemia  can  not  be 
made  from  the  morphologic  appearance  of  the  blood  in  early  life, 
because  during  this  period  insignificant  diseases  show  deviations  from 
the  normal,  which,  if  observed  in  adults,  would  mean  a  very  serious 
prognosis.  [Robert  Hutchinson  *  has  recently  investigated  the  occurrence 
of  pernicious  anemia  in  childhood,  and  after  stating  that  its  great  rarity 
has  been  noted  by  all  systematic  writers,  quotes  Rotch,  who  found  not 
a  single  case  among  2000  children  below  the  age  of  two  at  the  Infants' 
Hospital  in  Boston.  Hutchinson  himself  searched  the  records  of  the 
Hospital  for  Sick  Children,  Great  Ormond  Street,  for  one  in  vain.  He 
has  collected  from  the  literature  the  cases  published  as  |)ernioious  anemia, 
11  in  number,  of  which  5  seemed  to  him  probably  genuine. — Ed.]  Of 
the  2  cases  in  the  eighth  decennium  that  have  been  reconled,  1  was  a 
man  of  seventy-three,  in  whom  no  definite  cause  could  be  found  (Laache), 
the  other  a  woman,  likewise  seventy-three,  who  succumbed  to  a  Iwthrio- 
cephalus  anemia  (Schauman). 

As  far  as  the  writer  knows,  there  is  no  evidence  in  the  literature  that 
heredity  plays  any  r6le  in  the  origin  of  the  disease.  The  report  by 
Sinkler  and  Eshner  quoted  in  all  books,  of  3  cases  of  essential  anemia 
in  one  fiunily,  is  so  incomplete  that  it  is  useless.  Schmaltz  ({uotes  an 
observation  of  Klein's,  who  saw  a  brother  and  sister  succumb  to  prog- 
ressive pernicious  anemia. 

No  characteristic  differences  were  found  as  far  as  the  constitution  of 
»  Lancel,  May  7-14,  1904. 
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tbe  patient  was  coDcerned.  Robui^t  healthy  indivklimls  seem  to  be  as 
fre4|UGntly  and  us  severely  attacked  as  the  delieate. 

As  far  as  social  aud  hygienie  ctmneetiuus  are  coiieemed,  the  j>erceDtage 
of  those  ill  well-to-do  circumstances  is  ratber  Uv>\  high  than  too  low. 

Id  order  to  stuily  the  factors  which  fmm  the  staudpoLat  of  our 
present  kuuwletlge  play  a  role  in  tbe  origin  of  progress! v*e  pemieious 
anemia^  we  will  take  up  lirst  a  group  of  pernicious  anemiiLs,  in  which 
the  etiology,  even  if  not  the  pathogenesis,  may  be  rcgardetl  as  com- 
pletely explained,  namely,  the  **  bothriocephalus  anemias," 

F*  A.  HoB'maon,  B^jtkin,  Keyheri  first,  and  later  many  others 
(for  special  Uteratiire,  see  Scbauman),  drew  attention  to  the  frequent 
occurrence  of  the  butbriix^ephalus  in  cases  of  progressiva  { pernicious 
anemia  and  ascril>ed  to  this  parasite  the  etiologic  rdle,  Tlie  theory  was 
o|>{K>scd  by  a  few  investigators  on  the  ground  that  tbe  occurrence  of 
Botbriocephalus  latus  is  very  frequent,  progressive  pernicious  anemia 
relatively  ntre,  and  further  that  patients  sometimes  sliow  an  enormous 
Dumber  of  worms  (7U  to  8U)  w^ithout  becoming  anemic.  This  iaet,  that 
a  disease  excitant  may  occur  in  one  individual  as  a  harmless  parasite 
producing  no  pathologic  symptoms,  is  not  without  analog)^  Pathogenic 
bacteria  (di{*htberia  l»acilli,  pneumococci,  etc.),  the  virulence  of  wliich  was 
provecj  by  auimal  ex[>erimentation,  ba\*e  been  not  intm|iient]y  found  in 
healthy  living  bodies  without  any  evidence  of  a  pathologic  effect.  The 
most  convincing  pn>of,  however,  of  the  etioli>gie  significance  of  Bothrio- 
cephalus  latus  is  shown  by  the  frequently  oljserved  rapid  and  complete 
recovery  from  the  severe  anemia  after  removal  of  tbe  worm. 

The  identity  of  bothrioeephalus  anemia  with  pnjgressive  pernicious 
anemia  was  fiir  a  time  contested  by  many,  among  them  Biermer  him- 
self, but  this  dispute  has  l^een  recently  settled  by  the  close  resemblance 
of  the  anamnesis  and  post-mortem  reports.  Moreover,  since  Scbauman 
lias  shown  by  cttreful  microscopic  investigations  that  bothrioeephalus 
anemia  possesses  also  the  characteristics  demanded  liy  Ehrlicb,  we  have 
every  reason  for  designating  bothrioeephalus  anemia  as  progressive  {per- 
nicious anemia  with  known  etiology. 

Still,  even  when  we  acknowletlge  the  fact  that  the  bothri<x*ephalu8 
can  prrxluce  a  genuine  pn^gressive  pernicious  anemia,  we  liave  not 
det45rminecl  how  the  worm  acts.  The  statement  that  severe  anemias 
are  found  in  only  a  small  number  of  infected  individuals  has  been  fre* 
qtientlv  confirmetl.  Moreover,  the  severity  of  the  disease  stands  in  no 
relation  to  the  number  of  worms.  The  infection  itself,  tlicrefore,  dc^es 
not  produce  the  anemia.  Further,  since  the  individual  affected  shows 
no  particular  cbaracteristics  which  can  be  r^arded  as  especially  predis- 
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pasiDg,  we  must  assume  sometliing  el:^  in  the  belm\^or  or  io  the  prop- 
erties of  the  parasite  whicli  tmiiLnturrMs  it  from  u  ci>nipanitivt*ly  harm- 
less inhabitant  of  the  intestine  into  a  highly  diingerous  dii^ease  excitant. 

Among  all  the  theories  so  lar  proposed,  the  best  siipj>orted  is  that 
which  ai«»umes  that  it  i.s  ncjt  the  healthy  living  paniriite,  but  the  disea^^ 
or  dead  one  which  prtjves  so  dan  gem  us  to  its  hont.  8chapiri>  was  the 
first  to  express  the  conjecture  that  on  disease  or  deiith  of  the  worm 
poi^nous  substances  were  elaborated,  the  absorption  of  which  led  to 
anemia.  With  this  in  view,  Wiltschur  examintHl  twelve  worms,  the 
removal  uf  which  completely  cm*ed  severe  anemias*  "In  all  cases  the 
worms  were  either  dead,  decomjwsed,  or  sick.  I  determineil  the  presence 
of  disease  from  the  eggs,  which  had  imdergone  marked  alterations.  In 
one  case  of  very  severe  anemia  the  rem o veil  worm  was  so  dec<)m|K)sed 
and  emitted  such  a  nansa^us  odor  that  in  spite  of  tlic  mrlxJic  acid  solution 
in  which  it  was  placed,  it  required  considerable  determination  to  cc^ntinue 
tlie  examination.  On  the  ground  of  these  observations  the  assumption 
seems  proViahle  that  the  hotliriix^ephalus  is  capable  of  producing  severe 
anemia  only  when  sick  or  dead.  Moreover,  tlie  severity  of  the  disease 
depends  on  the  degree  of  decomposition  ;  in  other  words,  the  amount 
of  such  products  absorbed.** 

The  most  weighty  ohjei'tion  against  this  theory  is  that  severe  anemias 
also  occur  in  cases  in  which  the  parasite  is  found  living  and  fres^h  in  the 
intestine,  Yet»  this  loses  in  signiticaniH?  ^^'lth  the  observations  of  Schau- 
man,  Neubecker,  and  others,  who  describe  typical  anemias  in  t^sises  in 
which  no  [larasite  was  disco vcre<l  either  by  purgation  or  post  mortem, 
though  the  eggs  of  the  bothriocephalus  were  found  in  the  evacuations. 
That  the  worm  itself  must  have  been  present  in  the  intestine  a  short 
time  before  the  appearance  of  the  eggs  in  the  evacuations,  can  not  be 
doubted  therefore.  When  in  spite  of  careful  investigation  no  prfjglot- 
tidea  could  be  found  in  the  intestine  (as  has  occurred  in  several  cases), 
we  are  forced  to  the  conclusion  that  the  worm  die<l  and  was  completely 
absorbed.  Nothing  now  stands  in  the  way  of  the  assumption  that  ev^en 
when  the  parasite  is  living  and  well  an  absorption  of  dead  and  decom- 
posed proglottides  may  occur.  The  objection  against  the  very  clear 
theory  of  Schapiro  and  Wiltschur  is,  therefore,  readily  removed.  [Bard  ^ 
reports  2  cases  of  pernicious  anemia  due  to  bothritKeplialus.  In  one 
the  blood-count  showed  1,100,000  red  corpusclas,  7000  white  corpus- 
cles, 30  per  cent,  hemoglobin.  After  removal  of  the  panisite  with 
filix  mas  the  red  corpuscles  rose  to  2,S0O,tH)(J  and  the  hemoglobin  to 
45  per  cent.  In  the  second  case  the  parasite  was  probably  removed  a 
«  Semaine  Mid,,  JuiUet  23,  1903,  ixiL  30,  p.  241, 
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year  before.     For  various  ix*asoii8,  however,  the   author  believed  this 
case  was  one  of  Ixitlirioceplialiis  anemia.      It  termiuateil  fatiilJy* — Ed.] 

As  ii3eiiti(»iie<I  previously,  Scbaumao  and  Tallqvist  have  brought 
forwaixl  posiitive  evidence  for  the  theory  of  the  toxic  effect  of  Bothrio- 
cx'phahis  lutus.  They  l^xt^lcte<^  the  Iwdy  of  the  worm  with  sah  solu- 
tion uth!  obtained  a  t^nbstance  which  liad  a  marketl  globtilicidal  effect  on 
the  bloml  of  dogs.  In  one  cas(v,  fur  iu.stiinee,  it  prcKbice*!  within  two 
weeks  a  decrease  in  the  numlxjr  of  bUxxi  corpuscles  from  7,200,000  to 
3,200,000,  ut>t  to  mention  other  symptoms  of  severe  anemia,  such  as 
market.l  [wdlor  of  the  mucous  membranes,  intense  exhaustion,  soft  hmrt 
raurnnirs,  etc.  The  autopsy  on  the  animal  which  succumbed  to  exhaus- 
tion; showed  in  addition  to  general  anemia  of  the  organs,  a  marked  iron 
reaction  in  the  spleen  and  liver.  The  investigators  make  no  definite 
statements  as  to  the  morphohigy  of  the  blocxl  in  these  exi>tTiment^. 

Though  it  is  very  desirable  that  these  inve.stigations  be  repeated  in 
large  numlx?rs,  they  furnish  very  definite  evidence  concerning  the  |>atho- 
gene^'is  of  bothrioct^phalus  anemia.  It  is  to  l:»e  conjectured  that  tlie 
|>arasitic  toxins  demonstnited  by  animal  experiments  can  exercise  their 
hemolytic  effect  on  human  blood,  and  this  continued  destruction  of  blood- 
corpuscles  naturally  leads  to  anemia.  Moreover,  the  fact  that  the  bone- 
marrt>w,  at  least  in  oian,  does  ni>t  respind  as  in  other  losses  of  blood 
by  an  increased  protluction  of  normal  cells,  but  takes  on  the  type  of 
meg-aloblastic  blmnl  formation  which  is  abnormal  to  the  adult  organism, 
shows  tliat  the  parasites  do  nut  necessarily  lirst  produce  anemia,  but 
are  capable  of  acting  dircH^tly  on  the  blood- ma  king  organs. 

Our  satisfactory  tx^mprehension  of  the  etiology  of  bothrux^ephalus 
anemia  lHHn>m€s  <^f  considerable  value  in  the  study  of  progressive  perni* 
citais  anemia  in  general.  The  observations  on  l>othriocephalus  anemia 
are  of  service  in  all  chapters  of  its  pathology,  and  even  in  its  therapy. 
Schauman's  felicitous  and  valuable  work  on  this  subject  is,  therefore, 
of  general  importance.  There  is  no  i|uestion  that  clinicians  who  have 
the  opp>rtunity  to  see  bi>thrit>cephalus  anemia  frequently  are  in  a  par- 
ticularly favorable  position  to  solve  the  burning  questions  of  prf>gressiv€ 
pernicious  anemia  with  an  accuracy  that  could  otherwise  be  obtained 
only  by  animal  exjierimentiition. 

Id  the  first  pkce,  the  question  is  still  in  dispute  whether  it  is  neoee- 
sary  or  even  permissible  to  separate  progressive  pernicious  anemim  from 
other  anemic  conditions.  Those  who  scrapie  about  this  see  in  progree- 
rive  pernicious  anemia  only  a  difference  of  degree.  They  refoee  to 
ftooept  the  special  designation  "  anaemia  pemiciosa,"  and  replace  it  by 
**  amemia  gravis,"  thereby  rejecting  every  qualitative  differentiatioD  of 
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Biemier's  aDemta   from  simple  chronic  anemia,  of  melagwytic  frum 
uormocytic.     Though    this   question    will    be    brought    up    in    anuthrr 
L'tion,  the  writer  would  like  to  show  here  how  valuable   the  knowU 

'^dge  of  lx>thri(fecj>halus  anemia  is  toward  xia  i^olntinn. 

Schauman  reports  .several  cases  wliieli  from  their  general  symptoms, 
the  Dumber  of  blood-oorpuscles,  and  the  percentage  of  hemoglobin  caa 
not  I>e  regarded  as  severe,  but  at  the  most  as  moderately  se^'e^e  eases  of 
anemia.  In  spite  of  this  they  showed  niieroscopi cully  Ehrlich's  char- 
acteristics of  progressive  pernieions  anemia  Lo  a  most  pronuunoed  way 
jujst  as  do  even  very  severe  cases.  The  results  and  observations  in  this 
regard  have  yet  to  be  completeil,  slight  cases  especially  must  be  exaniined 
and  accurately  described.  Still  in  the  writer's  opinion  our  present  knowl- 
edge is  sufScient  to  justify  the  conclusion  that  it  is  the  toxin,  and  not 
a  simple  anemia  produced  by  the  worm,  w^hieh  causes  the  character- 
istic abnormalities  of  the  bone-marmw ;  that  mucli  misused  word 
**sj»ecific"  is  completely  justified  in  its  appliciition  to  this  effect. 

In  a  recent  work  Grawitz  designates  the  case^  which  are  cured  by 
ranoval  of  the  worm  as  "simple  set^ondary  anemia,"  and  only  those 
cases  which  proceed  to  death  in  spite  of  removal  as  "  true  progressive 
pernicious  anemia."  This  determination  of  the  nature  of  the  disease 
firom  the  prognasis  seems  to  the  writer  strained  on  account  of  the 
complete  similarity  of  the  clinical  and  hematologic  pictures.  The  dif- 
ference l>etween  the  two  is  evidently  not  essential,  hut  only  one  of 
degree.  The  limit  at  which  the  prognosis  becomes  absolutely  bad  caa 
be  definitely  decided  no  more  than  in  any  other  form  of  progressive 
pernicious  anemia  or  simple  anemia,  When^  tlierefore,  in  two  cases  of 
equally  severe  bothriocephalns  anemia,  one  is  cured  and  the  other 
proves  fetal,  there  exists  between  them  the  same  difference  as  betweea 
two  cases  of  equally  severe  acute  f)Ost-hemorrhngic  anemia,  of  which 
one  recuperates  after  the  cessation  of  the  hemorrhage,  while  the  organ- 
ism of  the  other,  especially  as  far  as  the  new  formation  of  blooil  is 
concerned,  can  no  longer  produce  the  energy  necessary  for  the  retention 
of  life  or  recuperation.  Moreover,  if  we  accept  GrawitK^s  division 
of  bothriocephalus  anemia,  we  must  also  make  a  division  l^etweeo 
fatal  and  non-fatal  cases  of  po^t^hemorrhagic  and  other  anemias. 
From  the  cases  published  in  the  literature  the  writers — since  unfortu- 
nately they  have  never  had  the  opportunity  of  personally  observing 
bothrioceplialus  anemia- — draw  the  conclusion,  therefore,  that  thebothrio- 
eeplialus    under   definite,    though    not    yet   fully    understood    circum- 

|i  stances,  is  capable  of  causing  an  anemia   which  presents  the  definite 
characters  of  a  Biermer-Ehrlich  anemia.     Moreover^  he  insists  again 
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that  even  the  mild  cases  show  a  eliriiciil  an<l  hematologic  stamp  which 
diflerentiates  tbt*m  from  simple  chronic  anemia. 

Unfortunately  we  must  even  to-day  acknowledge  that  our  experi- 
enceis  in  regard  to  bithriocephalus  anemia  constitote  our  entire  positive 
knowledge  in  regard  to  the  etiology  of  progressive  pernicious  anemia. 
From  the  beginning  eertiiiu  views  were  stated  as  to  the  cause  of  this 
disease,  but  these  were  based  in  |mrt  on  accidental  oc'currences,  fn*ni 
wliicli  generalization  proved  unjostitiahle,  or  wliich  *>n  more  careful 
study  aroused  serious  question  as  to  whetlier  the  sy mptinns  previously 
reganJe<l  as  cau^il  were  not  simply  associated  or  even  secondary. 

One  gronj>  cs[»eeially  was  st^'parated  by  all  previous  writers,  namely^ 
progressive  pemiciotis  anemia  foUovping:  prei^flancy  and 
childbirtli.  These  cases  are  to  a  certain  extent  histitrically  important, 
for  even  before  Biermer's  publication  Ix^bert,  and  es|K^cially  Gusserow, 
describfxl  cases  of  s^jvcre  anemia  in  pregnant  women  which  to-day, 
after  a  study  of  the  ananineses  and  post-mortem  findings,  we  can 
class  with  progressive  pernicious  anemia  in  spite  of  the  fact  that  no 
thorough  hernatologic  exauiinations  were  made  [The  eases  descril>ed 
by  Channing  in  New  England  in  IH42  iiave  been  referred  to  before. — 
Ed»]  The^e  cases,  of  which  Eichhorst  was  able  to  collei't  29  in  bis 
monograph^  can  be  advantaget^usly  divided  into  subclasses:  1.  Those 
which  suilcred  from  severe  inanition  during  pregnancy  on  account  of 
severe  vomiting  and  diarrhesi  j  2.  Those  in  wliieli  the  anemia  seennrd 
to  liave  been  produced  by  hemorrhages  from  the  nose,  varicose  veins, 
etc.,  during  pregnancy,  or  by  severe  loss  of  blood  during  delivery  ; 
3.  Those  in  which  the  pregnancy  ran  its  course  without  disturbancses 
of  nutrition  or  hemorrhage^  and  yet  an  anemia  amse  doring  pregnancy 
and  progressively  advane^  to  death,  even  after  the  delivery  was 
brought  about  in  the  eighth  month.  The  first  two  subclasses  ctin  be 
readily  reckoned  witli  the  anemias  of  inanition  and  heraorrhagCj  but 
in  the  third  a  special  influence  of  pregnancy  must  be  assumed.  The 
most  likely  conchision  is  that  pregnancy  leads  to  [>ernicious  anemia 
through  the  extnionlinary  demands  made  by  the  growing  fetus  on  the 
maternal  organism.  Birch-Hi  rsch  ft -Id  refers  the  damage  to  the  bItMxl 
firom  products  of  decompositifin  arising  from  the  placenta,  which  cause 
first  a  mo<lificMion  of  the  plasma,  and  this  in  turn  an  injury  to  the 
bhM:»d-cells.  Lebert  sees  the  explanation  in  nervous  influences.  Never- 
theless, on  account  of  the  extremely  small  number  of  cases,  it  is  impos- 
Bible  to  believe  that  pregnancy  has  any  specific  power  to  produce  pro- 
gressive pernicious  anemia  or  eremite  a  predisposition  to  it. 

Moreover,  it  appears  to  the  writers  strange  that  in  the  recent  liteiu- 
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turc  we  find  scarcely  any  reports  of  pro|^essive  i>erniciou!3  anemia  in  the 
aoaiDtiegi^  of  whirli  prt-gnancy  or  ihv  pntTixTitim  playe<l  a  role.  This 
may  be  partly  due  U»  the  fact  that  the  symptoms  nre  now  ho  generally 
known  that  donbtful  crises  ntv  no  longer  ]nil)lished.  Though  Eichhorst 
in  50  coi^Ks  of  progressive  pernicions  anemia  in  females  attributed  29  to 
pregnancy  and  cliildbirth,  the  writer  c^n  find  among  26  ciises  in  females 
from  his  ow*ii  ex|K>rience  and  from  the  literature  (Grawitz,  Laacki%  Fr. 
Muller,  Haarth,  Pliimeckc,  Doru,  Kih^i)  only  a  single  case  in  which 
a  cf»nnccti(m  Ijetween  the  disease  and  a  previous  pregnancy  could  be 
assumed  (Liiache,  Case  9).  The  recent  text-books  on  obstetrics  men- 
tion progressive  pernicious  anemia,  as  far  as  the  writer  can  sec,  only 
with  regan.1  to  the  older  works  of  Gusserow  and  others.  Ahlfcld  ex- 
pressly insists  that  he  never  observed  such  a  case*  Moreover,  the 
majority  of  Eichhorst's  cases  (22)  are  taken  from  the  publications  of 
Swiss  investigators.  This  would  set^m  to  indicate  with  considerable 
certainty  that  for  this  frequent  occurrence  of  anemia  during  pregnancy 
in  Switzerland,  especially  in  the  Cantiin  of  Zurich,  htcad  influences  were 
responsible,  a  conjecture  which  was  expressed  by  Gusserow  in  his  first 
publication.  The  natuiT*  of  these  influences  is  absolutely  unknown,  in 
fact,  it  is  [K»ssible  that  we  have  to  do  with  temporary  factors.  Still, 
there  is  no  longer  reason  to  consider  certain  cases  of  progressive  per- 
nicious anemia  **a  s{>ecial  disesuse  of  pregnancy"  or  to  attribute  the 
origin  of  the  disease  to  a  |iarticular  influence  of  the  pregnancy. 

[Elder  and  Mattliews*  report  2  fatal  casi'S  uf  pernicious  anemia 
following  labor.  The  first  case  occurred  in  a  woman  of  twenty-nine 
yeanv,  who  became  seven^ly  anemic  three  weeks  after  a  normal  labor. 
An  abscess  of  the  breast  initiatel  the  anemia,  which  was  typical  in  the 
g^ieral  features  and  morphology  of  the  blood.  The  second  case  oc- 
curred in  a  woman  thirtynme  yesirs  old  two  weeks  after  her  second 
labc»r^  which  was  instrumental,  but  unattendeil  by  severe  hemfirrhage. 
Ulceration  of  the  tongue  and  throat  initiated  the  anemia.  The  clinical 
symptoms,  condition  of  the  blfKnl,  and  autopsy  findiugs  were  typical.  The 
authors  remark  on  the  rarity  of  such  cases  in  rec*ent  literature — ^En.] 

Apart  from  the  special  group  of  pregnancy  anemias  the  Ciises  of 
progressive  pernicious  anemia  may  be  classified  with  reference  to  their 
etiology  exactly  as  we  classify  simple  chronic  anemia.  We  find  pro- 
gressive ]Ternicious  anemia  frequentlv  : 

1,  following  re|M*atpd  or  long-<'ou tinned  hemorrhages  ; 

2,  after  poor  nourishment,  bad  sanitar)*  conditions,  overwork|  etc.| 
have  destroyed  the  health  ; 

^  LantfJ,  Aupr.  8.  1903,  p,  162. 
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3,  following  other  clisenses,  especially  of  the  digestive  tract,  syphilis, 
malaria,  or  typhoid  fever. 

Since  the  writei's  wissh  to  avoid  siij>erHuouH  rei^etitioii,  they  will  refer 
to  the  exj>la!iation  which  was  given  iu  regard  to  the  action  of  these 
iact4>rs  in  the  production  of  simple  chronic  anemia.  They  >^h«*WiH:l  there 
that  the  itifluence  of  these  factors  in  the  production  of  anemia^  though 
it  is  not  to  be  doubted^  re<]uiret5  further  elucidation.  Still,  nince  the 
same  influences  have  been  frequently  observed  in  the  previous  hi.story 
of  progre.ssi\T  pernici<His  anemia,  they  will  state:  A  progressive  per- 
nicious anemia  may  develop  as  a  result  of  any  infltienoe  capable  of 
producing  a  wimple  anemia.  [Ralph  Stockman  *  contributed  a  notable 
article  on  the  probable  nature  of  pernicious  anemia,  Accrjrding  to  bis 
view,  the  pernicious  character  is  brought  on  by  reijeated  small  hemor- 
rhage's, which  iu  turn  result  from  a  fatty  dcgeuemtion  of  the  bloorl-vestiels. 
It  is  these  multiple  small  hemorrhages  which,  in  his  opiuioe,  convert  a 
case  of  anemia  from  a  more  or  less  bc^nign  to  a  malignant  or  |>ernicious 
character, — Ed,]  We  meet  simple  anemia  in  its  different  stages  \\ith 
a  fi"equency  corresponding  to  a  certain  extent  to  the  distril>ution  of  its 
causes,  while  in  comparison  cases  of  progi-essive  pc^rnicious  anemia  are 
extremely  rare.  We  see  inDumerable  cases  in  which  the  health  has 
been  undermined  on  account  of  poverty  develop  simple  anemia  as  a 
consequence,  yet  how  very  few  in  comparison  develop  progressive  per- 
nicious anemia.  The  same  is  true  of  liemorrhages,  and  of  different 
organic  and  constitutional  diseases.  What  other  circumstances  must 
coincide  in  ortler  that  the  same  causes  which  prodnw  simple  anemias  by 
thousands  may  lead  to  progressive  pernicious  anemia  ? 

The  answer  most  frequently  given  to  this  question  is,  tliat  there 
is  only  a  difference  of  degree,  in  other  words,  that  progressive  per- 
nictiRis  anemia*  represents  only  the  most  marktHl  form  of  anemia, 
the  further  augmentation  of  a  simple  anemia,  is  certainly  the  easiest ; 
stillj  it  leaves  unanswered  important  objections.  In  the  first  place, 
we  not  infrequently  see  simple  anemias  advancing  to  stages  which 
many  cases  of  progressive  pernicious  anemia  fail  to  reiich,  hemo- 
globin percentages  under  20  and  15,  and  blood-corpuscles  under 
500,000.  Nevertheless,  in  spite  of  the  extreme  severity  of  these 
two  symptoms,  the  microsoTpic  examination  of  the  blood  shows  a 
picture  very  different  from  that  in  even  milder  cases  of  progressive 
pernicious  anemia.  Comparing  the  bhn>d-picture  of  extreme  cases  of 
both,  the  difference  between  them  is  so  striking,  as  is  evident  fnmi 
tlie  special  descriptions  of  the  syrapt4>matology  of  the  blood,  that 
*  BfiL  Med.  Jour,,  1894,  vol  i. 
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even  the  inexperienced  may  recuguize  it.  Both  simple  anemia  and 
progre?isive  jK^rnieious  anemia  sliow  different  stages.  We  rec*Qgoize,  for 
ia*tanee»  mild  and  revert*  eases  of  siinple  ant'iuiii,  and  *'  mild  ** — /.  i\, 
beginning  and  severe  cases  of  progressive  peraieioiis  anemia.  Still,  the 
seetind  can  not  arise  from  a  simple  anemia  merely  by  augmentation  of 
riiitensity,  and  when  a  progressive  peroieions  anemia  develops  on  the 
Dil  of  a  simple  anemia  a  new  disease  is  actually  adtlKl. 

The  nature  of  thi^  process,  however,  is  entirely  unknown.  The 
view  taken  from  the  analogy  with  btithriocephalus  anemia,  that  the 
metamorphoses  of  the  bone-marrow  function  must  l>e  referred  to  the 
irritation  of  toxic  substances,  lacks  every  support  in  many  cLises  of 
**  pnigresdve  pernicious  anemia  post  anaemiam  simplicem/'  In  expla- 
nation of  progrej=isive  pernicious  anemia  from  simple  anemia.  Stockman 
called  attention  to  the  alterations  found  in  the  capillaries^  especially  of 
the  internal  organs  in  isolated  cases  of  simple  anemia,  and  claimed  that 
the  hemorrhages  resulting  fnjm  this  degeneration  were  the  actual  cause 
of  the  origin  of  the  pernicious  fnrm. 

Syphilis* — In  the  communications  on  progressive  pernicious  anemia 
during  the  last  two  years,  it  is  to  be  rcmarfceil  that  in  a  large  number 
of  patients  a  precefling  syphilis  could  be  demonstrated  by  the  history, 
the  clinical  examination,  or  at  the  autopsy.  From  the  material  so  far 
at  hand  it  can  not  be  decided  whether  there  was  a  genetic  connection 
between  the  two  or  only  an  accidental  coincidence.  Even  when  we  omit 
the  older  statistics — ^in  Eichhorst's  large  c<illection»  for  instance,  we  dis- 
cover only  one  case  in  which  a  connection  with  syphilis  could  be  con- 
ceived^ — and  take  up  only  the  recent  ones  from  the  time  of  Fr.  Miiller's 
publication,  when  the  attention  of  clinicians  was  e^|>ecia]]y  directed  to 
this  point,  we  find  that  the  crises  in  which  syphilid  precnxled  an  un- 
doubted progressive  pernicious  anemia  are  by  no  means  common.  On 
account  of  the  extremely  wide  distribution  of  syphilis  ^  we  must  be 
careful  of  drawing  too  general  conclusions  from  statistics.  At  any 
mte,  a  much  larger  amount  of  material  is  necessarj^  than  is  at  present 
available. 

Moreover,  the  demonstration  of  the  causal  significance  of  syphilis  in 
progressive  pernicious  anemia  "  ex  juvantibus/'  as  has  been  attempted 
in  several  cases  by  Fr.  Miiller,  can  not  be  regarded  as  conclusive. 
Even  though  anti-syphilitic  treatment  impn>ves  a  few  cases,  especially 
as  regards  the  anemia^  impnjvcmeut  is  so  frequently  seen  after  admis- 
aion  to  a  hospital  that  the  influence  of  the  mercury  or  iodids  is  very 

'  H.  Xeotnatui  foaod  that  among  all  the  patieota  of  the  Moabit  HoapitaJ^  in  BerUOf 
■I  Iflut  22.4  per  cent,  had  had  sTphills. 
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difficult  to  recognize.  Moreover,  T.»aaehe  found  in  one  cas^e  in  which 
syphilis  w:xs  evident,  and  in  which  he  considei^d  a  amneetioii  Ix'tween 
the  progressive  pernicious  anemia  and  the  syphilis  as  probablcj  tliat 
anti-syphilitic  treatment  was  not  only  not  effective,  but  even  injuriom?^, 
while  arsenic  was  of  benefit,  as  it  is  in  some  other  c-ases. 

From  an  etii>logic  ]x»int  of  view  the  numerous  c^ses  of  progressive 
pernicious  anexnia  in  which  clinical  and  anatomic  disturbatices  of 
the  intestinal  tract  are  manifest  deserve  special  attention.  In  the 
discnssion  of  simple  anemia  it  was  shown  that  anemia  based  on  digestive 
disturbances  is  to  be  explained  jmrtly  by  the  relative  inanition  and 
partly  by  the  absorption  of  toxic  substances  or  by  a  combination  of 
both.  The  origin  of  the  progressive  pernicious  anemia  by  absorption 
of  tc^xic  substances  from  the  intestinal  canal  is  supjwrteil  principally  by 
botlirioceplialus  anemia,  and  to  ^s(>me  extent  by  certain  therajieutic  pro- 
cedures. For  instance^  Stiudoz  claims  to  have  **  cured "  one  case  of 
progressive  pernicious  anemia  by  continued  washing  out  of  the  stomach, 
Jurgensen  one  by  energetic  evacuation  of  the  intestine.  Still  the  evi- 
dence of  such  observations  is  only  conditional  on  acc^ount  of  the  fre- 
quency of  apparent  cures  when  they  are  only  transitory  remissions. 

[It  is  projier  to  allude  in  this  place  to  the  experimental  investigations 
of  Wm,  Hunter,  which  showed  the  protiable  gas tro- intestinal  origin  of 
toxic  substances  that  cause  the  disease  in  certain  cases*  More  extended 
reference  to  Hunter's  work  will  be  made  elsewhere. — Er>.] 

How  much  importance  in  an  etiologic  way  must  be  attributed  to  the 
atrophic  processes  in  the  gastro-intestinal  wall  will  be  discussed  more 
thoroughly  in  another  section  (see  p.  286).  Here  the  writer  will 
only  siiy  that  they  seem  to  be  less  the  cause  of  the  anemia  than  coinci- 
dental  symptoms  or  even  effects  of  it. 

The  relation  of  tumors  of  the  gastro-intestinal  tract,  e8i)ecially  car- 
cinoma of  the  stomach,  to  progressive  pernicious  anemia  is  very  differ- 
ent. That  these  tumors  more  frequently  than  anything  else  produce 
the  most  severe  anemic  conditions,  there  is  no  doubt.  The  severe 
cachexia  to  which  a  long-protracted  gastric  cancer  leads,  on  account  of 
its  marke<l  disturl>ancc  of  nutrition,  its  hemorrhages,  the  procluction  of 
injurious  fermentation  in  the  stomach,  and  its  own  specific  toxicity,  is 
invariably  associated  with  a  deterioration  of  the  blood  ;  in  fact,  the 
lowest  jxTcentages  of  hemoglobin  and  the  lowest  corpuscular  counts 
have  been  found  in  advanced  c^ses  of  this  very  kind.  By  far  the  major- 
ity of  these  cases,  however,  show  microsaipically  the  evident  character  of 
a  simple  chronic  anemia,  and  further,  the  intensity  of  the  anemia  osimlly 
stands  io  more  or  less  direct  relation  to  the  degree  of  the  cachexia. 
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True,  in  a  few  veipy  advanoecl  cases  we  see  on  repeated  examination  an 
occasional  megalocyie  and  nu'<jraIohlast,  though  the  geneml  impreiNsion 
riBceivetl  Irom  the  oiiero^copic  pieturo  rcmains  unehaiigcd.  The  ear- 
eiooma  Uisiially  prnves  iatal  before  the  blood  formation  has  assumed  to 
any  considerable  extent  the  mt^loblastic  type. 

In  contrast  to  these  may  be  phiccd  several  rare  cases  which  have 
been  frequently  mentioned  in  the  text-books,  yet  only  mrely  descril>e<l 
and  given  their  proj>er  i^igniticancc.  The  writer  refers  to  those  ca8ed 
which  during  life  run  their  course  uudt-r  the  typical  picture  of  a 
Bienner-Ebrlieh  anemia,  and  in  which  the  i>09t  mortem  shown,  apart 
from  the  legions  csorresptoding  to  the  anemia,  a  gastric  carcinoma  asso- 
ciated with  total  or  partial  atrophy  of  the  gastric  mucous  membrane. 
One  of  tliese  causes  observed  during  life  by  v,  Noorden,  and  diagnosed 
by  bim  as  progressive  pernicifms  anemia,  was  examined  post  mortem 
by  O.  Israel.  In  this  case  a  tumor  the  size  of  a  large  cherry-stone, 
which  proved  on  microscopic  examination  U\  be  carcinoma,  was  found 
immerliately  beJow  the  small  curvature  one  and  a  half  inches  fnnu  the 
pylorus.  The  subcutaneous  fat  in  the  bmly  was  dcseribed  as  "of 
fiur  amount"  (ziemlieh  reichlieh).  The  symptoms  of  the  anemia  had 
been  pronounced  six  months  before  death.  The  writer  has  had  the 
opportunity  of  seeing  two  such  cases.  In  one  (case  H)  he  diagnosed 
progressive  pernicious  anemia  on  the  ground  of  the  clinical  and  micro- 
scopic picture.  To  his  surprise  lie  foijnd  at  autopsy  a  ring-sha|»ed 
fibrous  carcinoma  of  the  pylorus  without  uicenition  whicli  had  given 
no  symptoms  during  life.  lie  saw  a  short  time  ago  a  further  ease 
with  Prof.  Reuvers,  who  has  kindly  allowetl  him  to  mention  it.  This 
was  quite  similar  to  the  preceding  one  ;  clinically  and  micrascfrpically 
a  genuine  progre$sive  pernicious  anemia,  which  showal  on  section  a 
carcinoma  the  size  of  a  hiu^elnut  on  the  greater  curvature. 

While  we  see  in  those  ceases  (which  retpiirc  further  investigatiotj) 
the  association  of  progreasive  pernicious  anemia  and  carcinoma  ven- 
iricuii,  death  is  appiirently  attributable  to  tlie  anemia  on  account 
of  the  extremely  small  size  of  the  tumor  and  the  splendid  coudition 
of  nutriti<>n  of  the  pitient.  Yet  Israel  assumes  in  his  tmse  that  the 
asexala  must  be  attril>utinl  to  the  tumor  in  spite  of  its  small  size,  since 
this  was  the  source  of  frequently  repeiitetl  hemorrhages.  The  remains 
of  such  hemorrhages  were  still  to  be  seen  microscopically  in  the  neigh- 
borhood of  the  tumor.  Nevertheless,  the  writer  is  still  inclinc<l  to 
believe  that  the  carcinoma  was  s4K*ondary  to  the  progressive  pernicious 
anemia,  and  that  the  small  hemorrhages  correspond  to  those  frequently 
encountered  in  different  organs  in  progressive  pernicious  anemia,  though 
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they  certainlj  may  have  hastened  the  exitus  in  this  one  case.  [The  edi- 
tor  hafc«  ohservetl  a  case  of  typical  fM?rtiicioU8  anemia  in  association  with 
cancer  of  the  stomach  in  which  tlie  clinical  course  seemed  tt>  indicate 
that  the  anemia  was  nnduiibtedly  secondary  to  the  gastric  disease. 
Several  cases  have  heen  reported  in  wliich  the  aatopsy  showed  metastatic 
lesions  of  the  houe-marraWj  and  associated  with  these  megaloblai>tic  or 
lymphoid  transformation  of  the  marrow  so  distributed  as  to  suggest 
that  the  cancerous  deposits  were  the  direct  cause  of  the  marrow  changes. 
In  the  light  of  these  cases  it  seems  probable  that  cancer  is  one  of  the 
numerous  t^nditions  that  may  occasion  pernicious  anemia,  Frese^ 
reports  a  caise  of  metastatic  carcinoma  of  the  bone-marrow  with  severe 
anemia.  The  primary  growth  was  in  the  stomach,  and  metastases  in 
the  lymph-glands  Imigs,  medulla,  and  pons  were  discovered-  In  a 
second  case  he  also  found  metastases  in  the  bone-marrow,  with  a  blo<xl- 
picture  resembling  that  of  pernicious  anemia. — Ed.]  W.  Fenwick  has 
called  attention  to  the  not  nncomnion  association  of  atrophy  of  the  stomach 
and  gastric  cancer.  On  the  other  hand^  as  will  b.^  discussed  later,  there 
is  a  close  connection  between  atrophy  of  the  gastro-intestinal  mucous 
membrane  and  progressive  pernicious  anemia.  The  connection  lietween 
progressive  pernicious  anemia  and  c4U*cinoma  is,  therefore,  evident. 

From  the  preceding  we  may  conclude  that  the  relations  l>etween 
progressive  pernicious  anemia  and  carcinoma  ventriculi  are  of  two  kinds. 
In  the  first  place,  there  are  cases  of  gastric  carcinoma  in  which  a 
progressiv^e  jiernicious  anemia  devehvps  on  the  soil  prepared  by  the 
severe  cachexia  and  anemia  ;  and  in  the  second,  there  are  cases  of 
progressive  pernicious  anemia  in  which  a  favorable  soil  is  created  for 
the  development  of  a  carcinoma  of  the  stomach  possibly  through  the 
nit^linm  of  the  atrophy  of  the  mucous  membrane.  In  the  latter  case^ 
the  carcinoma  usually  produces  no  clinical  symptoms,  as  the  symptoms 
are  at  most  slight. 

Alterations  in  the  bone-marrow  occupy  a  very  si>ecial  place 
in  the  etiology  of  progressive  pernicious  anemia.  That  the  almost 
regular  transformation  of  the  tatty  marrow  into  functional  red  lymphoid 
marrow  has  nothing  to  do  with  the  etiidogy  of  the  disease,  i^s  at  present 
generally  acknowledgal.  Nevertheless  certain  cases  of  severe,  some- 
times primary,  sometimes  secondary,  metastatic  affections  of  the  bone* 
marrow  have  been  reported  which  resemhleil  clinically  genuine  progressive 
pernicious  anemia.  Some  of  the  c^Lses,  it  is  true,  were  reported  at  a 
time  when  microscopy  of  the  blwid  did  not  meet  our  present  require- 
ments* Among  these  may  be  mentioned  the  frequently  quoted  cases 
•  Deuisch,  Arthk,  /.  kHn.  Med.,  Sept  27, 1900* 
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or  LttteD  aod  Waldstein  in  which  multiple  foci  of  suppuration  and 
tomor-formatioii  were  found  througliout  larg'e  areas  of  the  boiic^marrow 
with  coDeec|uent  alteratiun^  oi'  it,  Reeeritly,  however,  sevend  ihiiroughly 
investigated  case^  in  which  blmxl  examinations  were  regularly  made 
iiver  a  long  peritxl  have  lM?en  re[>ortefL  Among  these  may  be  differen- 
tiated two  groups,  the  first  ioeluding  a  Citse  of  hareotnatosis  of  the 
bone-marrow  described  by  Ehrlieh  and  P,  Grawitz,  and  Nothnagel's 
well-known  case  of  **  anedenia  ossium."  In  these  two  cases  the  bone- 
marrow  function  was  c<jmpletely  obliterated  so  tliat  it  did  not  show 
even  a  megaloblastic  new  formation  of  bl*X)d.  In  spite  of  their  cIoshc 
clinical  .-similarity  to  prc^ressive  pemiciouH  anemia,  the  ^mters  would 
not  at  the  present  day  be  deceived  on  account  of  the  chanicteristic 
alterations  of  the  blotid  being  absent.  In  the  second  group  may  be  placed 
two  cai^e^,  one  from  v,  Leyden*s  clinic,  very  thoroughly  described  in  a 
diaBertatitm  by  G.  Lazarus ;  the  othefj  observed  by  L  Epstein  under  the 
direction  of  Neusser.  On  aecntnit  of  the  raarke<l  deviation  of  the 
blood-picture  from  that  of  progressive  jiernicious  anemia,  the  clinicians 
made  only  a  conditional  diagnosis  of  Biernicr*B  disease  in  both  cases, 
and  thir^  he^^itancy  was  confirmed  by  the  autopsy,  in  that  tumor-formation  a 
were  found  in  the  bone-marrow.  These  extremely  rare  cases,  the 
signiiicimce  of  wliich  has  been  discussed  earlier,  serve  to  explain 
many  contested  points  in  regard  to  the  function  of  the  bone-marrow 
and  the  ocenrrence  of  lymphoid  metamorphosis,  tliough  they  contribute 
in  no  way  to  the  etiolt>g>'  of  progressive  pernicious  anemia. 

In  conclusion^  we  have  still  to  take  up  the  cases  of  progressive  per- 
nicious anemia,  in  the  anamneses  of  which  not  a  single  positive  etiologic 
fiu!tor  can  be  found,  and  in  which  the  clinic^  examination  and  the 
atitopey  show  no  orgttuic  changes  that  might  be  responsible  for  the 
severe  disease.  These  forms  were  previously  described  as  '*  primary  " 
or '*  essential  ^*  ;  in  fact,  some  writers  still  regard  them  exclusively  as 
progressive  pernicious  anemia,  and  consider  tlieir  separation  from  other 
anemic  conditions  both  justifiable  and  necessar}%  These  diseases  re- 
mained for  a  long  time  an  enigma  and  gave  rise  to  numerous  theories, 
till  tlimugh  the  study  ctf  bt>thri(X^ephalus  anemia  we  learned  to  under- 
and  the  origin  of  at  least  oue  of  them.  To-day  the  majority  of 
ithorities  believe  that  on  the  further  advance  of  our  knowledge  the 
whole  group  will  be  deprived  of  their  designation  *^  primary  anemia/' 
This  idea  was  appropriately  expressetl  by  Birc5h-Hirschfeld. 

[Hunter  has  recently  advocate<l  the  infectious  origin  of  i>erDicious 
aiiei]iia«  He  believes  there  is  a  direct  relation  between  infectious 
(streptoooocic)  disease  of  the  tongue  and  upper  alimentary  tract  and 
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|iernicif>us  anemia.  Others  have  failed  to  find  the  cfmditions  he  describes, 
G.  A.  Charltou,'  however,  has  studietl  experimentallv  the  eilects  of 
chrouic  infeetion  with  the  bacilliLs  eoli  and  reaehe^^  tlie  following  cnn- 
cliisions  : 

"  From  the  above  epitome  of  the  conditions  foond-  it  will  he  observed 
that  in  these  exijerimeuts  there  ha.s  been  developed  a  v^erv  remarkable 
state  of  advanced  anemia.  That  anemia  is  not  quite  comparable  with 
any  of  the  classic  forms  seen  in  man.  In  some  respects  it  is  strikingly 
like  the  condition  of  j^rnicious  anemia,  namely,  in  the  very  great 
diminution  in  the  number  of  erythrocytes,  the  marked  poikilocytosis, 
and  the  apix*arance  of  nucleated  red  corpuscles. 

'*  As  far  as  I  know  at  the  present  time  no  other  observer  has  pro- 
dueed  these  striking  conditions.  But,  on  the  other  hand,  it  differs  from 
pernicious  anemia  in  the  fall  of  the  amount  of  hemoglobin  being 
parallel  with  the  decrease  of  the  red  corpuscles  ;  in  the  absence  of  a 
distinct  Quincke's  siderosis,  or  increased  presence  of  iron  in  the  livers ; 
in  the  absence  of  any  clear  evidence  of  inflammatory  or  other  disturb- 
ances of  the  digestive  tract,  and  of  well-marked  changes  in  the  Iwine- 
marrow. 

**  AV^Iiether  employment  of  other  strains  of  the  colon  liacillus  would 
lead  to  a  picture  more  clearly  resembling  pernicious  anemia,  or  whether 
again  the  employment  of  bacterial  toxins  rather  than  the  pure  attenu- 
ated cultures,  will  give  different  results,  must  be  left  for  future  studies. 
In  the  meantime  I  am  inclined  to  think  that  the  observations  here 
recorded  are  of  a  certain  value,  as  indicating  one  method,  namely >  that 
of  '  subinfection  *  by  the  ordinary  bacterium  of  the  digestive  tract, 
whereby  a  very  definite  grade  of  anemia  may  be  prmluced." 

These  experiments  were  suggested  hy  the  studies  of  Adami '  on 
latent  infection  and  ^*  subinfection." — Ed.] 

Kiyptogeaetic  Pemicious  Anemia. — It  is  not  to  be  doubted 
that  among  them  there  are  several  varieties  which  at  their  base  and 
even  in  their  pathogenesis  are  very  diff*erent  from  one  another,  and 
that  possibly  m  addition  ifv  intoxication,  infections,  and  nervous  and 
trophic  disturbances,  are  capable  of  producing  the  Biermer-Ehrlich 
^y  m  pto  m  -co  m  |>l  ex . 

Many  investigators  have  pronounced  for  the  infectious  nature  of  kryji- 
togenetic  pernicious  anemia,  or  at  leasts  some  of  its  forms  ;  Klebs,  for 
instance,  on  acc<3unt  of  obser\^ing  flagellates  in  the  fresh  IjIixkI  in 
advanced  stages  of  the  disease  ;  Frankenhaiiser  and  Petrt>ne  on  ao<30uot 
of  leptothrix  forms  found  in  their  cases ;  Bernheim,  on  account  of  % 

*  JoMT.  0/  MedL  lUaearchj  viil,  No.  2,  •  J<mr.  Amer,  Med.  Aa»c^  189SL 
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,^acillus  fouiiJ  in  the  blwjJ  in  one  ca8e  post  mortem  ;  Perlc.'?,  on 
•©count  of  small  strongly  rcfraetivc  CMjrpusoles  with  at'tive  niuvement 
which  he  saw  in  the  blood  in  several  ca.st;^,  though  he  has^  himself 
questioned  their  parasitic  nature.  All  of  these  observations  have  met 
the  same  fate  in  tluit  after  they  had  Ijeeu  reported  by  their  disco verei^, 
tbey  were  not  con  firmed  either  by  themselves  or  other  inve.stigalors. 
Hayem's  warning — not  to  be  deceived  from  the  examination  of  fresh 
blood  in  a  eaj*e  of  progressive  {>ernicious  anemia  by  the  extremely  lively 
motility  of  the  microcytes — contains  the  essential  eriticisni  of  the  obser- 
vations just  mentioned. 

With  the  lack  of  physical  grounds  for  a  suflBcient  explauatioD  of  the 
origin  of  progressive  |>ernicious  anemia,  we  can  not  deny  that  psychic 
influences  may  be  responsible  in  some  ca^^s*  If  we  investigate  the 
previous  history  of  a  patient^  it  is  only  natural  to  assume  that  we  shall 
find  in  the  great  majority  of  cases  some  occ^nrrence  or  other  which  pro- 
duced intense  emotion,  and  which  can  be  brought  into  CH^ntemporaneous 
eonnection  with  the  beginning  of  the  disease.  Curtin,  for  instance, 
report.^  the  cases  of  two  female  imtients,  who  after  a  sudden  very  severe 
mental  shf)ck,  faiknl  to  recover,  became  anemic,  and  finally,  four  years 
later  without  further  complieation,  .succumbed  to  the  anemia.  In  a 
thifd  patient  with  a  similar  event  in  her  life,  Curtin  describes  only 
the  severe  disease  without  theorizing  on  its  origin.  If,  like  Curtin,  we 
wish  lo  find  a  connection  between  the  development  of  tlie  anemic  con- 
dition and  the  psychic  alteration,  it  is  much  simpler  to  see  the  direct 
(^use  of  the  anemia  in  the  disturbances  of  nutrition,  which  frecjuently 
de%'elop  in  just  such  cases,  than  in  the  completely  unknown  psychic 
influences  on  blood  formation  or  blood  destruction,  for  which  we  have  no 
analogy* 

SYMPTOMATOLOGY- 
ALTERATIONS  OF  THE  BLOOD. 

BiermeHs  previous  description  of  the  gt^nend  disease-picture  makes 
it  su{)errtuous  to  detail  it  again  unless  we  wish  to  repeat  the  ^me  thing 
in  other  words. 

In  the  discussion  of  the  s|x*cial  symptomatology,  the  blood  is  the 
first  thing  that  attracts  our  attention.  It  is  striking  that  in  the  first 
comprehensive  monograph  on  progressive  pernicious  anemia  (H,  Miiller) 
tJie  description  of  the  altemtions  in  the  blood  observed  during  life 
takes  gcarcjely  more  than  a  ,«eeondarj^  {KysitioUj  while  to-day  the  hemat- 
olog7  is  of  the  greatest  interest  on  aceount  of  the  great  advances  it 
haa  made^ 

The  quantity  of  blood  is  in  the  majority  of  cases  decidedly  di- 
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miiiished.  Frt.'qiii'ntly  on  a  tieep  prick  only  t»iie  small  drop  of  blood 
itssues  forth,  aud  even  on  strong  prejsisure  no  other  can  he  forced  from 
the  saime  wound,  so  that  !5ometiniei3  several  prieks  aiiist  he  made  to  fill 
the  pi[>ette  of  Gowers'  ap|Mratus.  Still  oeeahionally  the  blood  flows  &o 
copiously  from  the  wound  that  it  is  difficult  to  stop  the  heniurrhji^. 
This  liehavior  corresponds  in  no  way  w4th  the  severity  of  the  other 
blood  Bymptoms.  In  fact,  the  writers  have  observetl  tliat  in  the  course 
of  improvement  it  becomes  more  diflienlt  to  obtain  the  amount  of  blf>od 
necessary  for  tlie  niakiug  of  a  dry  preiiaration  or  for  tire  estimation  of 
the  hemoglobin  than  during  the  worst  s^ttiges  of  the  disease.  ' 

[J»  L.  Smitii  has  determined  the  volume  of  blond  in  i?evere  cases  by 
the  inetliml  elaliorated  by  Haklanc  and  himself,  and  found  the  total 
quantity  S4.»metinies  increased  and  at  other  times  decreased.  Those  with 
large  volume  seem  to  be  in  a  worse  condition  tlian  those  with  normal 
volimic,  an  observation  that  coincides  with  the  results  obtained  by 
Houston  in  studying  etlema  as  a  symptom  of  anemia, — ^Ed,] 

In  mild  ca-ses  tlie  colof  of  the  blood  appears  quite  normal,  io 
moderately  sevei'e  it  is  \m\e  red,  later  resembles  watery  meat  extract,  and 
hi  some  extreme  ciises  is  almost  colorless.  Sometimes  at  the  moment  of 
issue  the  blood-tlrop  loses  its  homogeneity  when  the  yellowish  or  pale- 
jneddish  corpuscles  are  seen  rolled  into  tine  threads  or  small  masses  in 
the  almost  colorless  fluid.  The  writers  have  never  observed,  as  Fiir- 
bri tiger  rcjiorts  in  severe  eases  (though  it  is  true  only  exeeptif»nally), 
a  very  dark  even  tar-eulored  blood.  Gusserovv  mentions  that  in  one 
of  his  cases  after  a  tmnsfusion  of  defibrinated  blood  the  blood  spurting 
from  a  small  artery  resembled  thin  coffee.  This  recalls  so  much  the 
appearance  of  tlie  bhxKl  in  si^vere  hem(»globinemic  processes  that  we 
must  assume  that  there  %va5  a  hemolysis,  and  this  in  these  cases  doe& 
not  belong  to  the  simple  picture  of  progressive  pernicious  anemia. 

The  eoloring-matter  of  tlie  blood  is  almost  always  strikiogly  dimin- 
ished  to  even  the  sim[ilest  tests.  True»  there  are  pronounced  ca&es  in 
which  the  percentage  of  hemoglobin  amounts  to  more  than  60, 
The  writer  Siiw%  for  instance,  a  short  time  ago,  a  eiise  manifesting  marked 
morpltologic  alterations  and  severe  genend  symptoms  with  a  hemoglobin 
per  cijnt.  of  65  t4J  70  ;  though,  as  a  rule,  the  pereetitage  is  much  lower, 
even  to  under  10  (Schauman,  Case  47). 

The  ntimbet  of  blood -corpuscles  likewise  shows  a  markt^d  dim- 
inution.    A  decrease  of  one-half  is  setm  in  comparatively  miltl  cases. 
A  million  to  the  cram,  is  frequent,      [The  range  of  counts  of  the  red 
oorpuscles  found  at  tlie  first  examination  by  Cabot*  was  as  foUowB: 
*  A  Guide  to  the  Clinieai  Examination  qf  the  Bloody  1904* 
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From    500,000  to  1,000,000 36  cases. 

"     1,000,000  to  1,500,000 .      55    " 

"     1,500,000  to  2,000,000 39    " 

"     2,000,000  to  2,500,000 _9    " 

Total 139    " 

Other  authors  have  recorded  rather  lower  numbers.  Much,  of  course^ 
depends  upon  the  stage  at  which  the  disease  is  first  recognized.  Of  38 
cases,  Schauman  found  1  above  2,000,000 ;  26  between  1,000,000  and 
2,000,000;  and  11  below  1,000,000.— Ed.]  A  case  of  Quincke's, 
in  which  only  143,000  to  the  cmm.  were  found,  has  become  cele- 
brated. In  this  case  it  is  worthy  of  remark  that  after  seventy-four 
days  the  patient  showed  1,234,000,  and  after  the  course  of  several 
months  appeared  to  her  physician  as  ''stout  and  well  nourished.'' 
[Hills '  has  reported  a  case  in  which  the  count  was  155,280  a  few  days 
before  death.  It  is  of  interest  to  note  that  the  strength  and  endurance 
of  cases  of  pernicious  anemia  is  often  strikingly  out  of  proportion  to 
the  low  count  of  red  corpuscles. — Ed.] 

More  important  in  the  comprehension  of  progressive  pernicious 
anemia  than  the  percentage  of  hemoglobin  and  corpuscles  is  the  relation 
between  the  two  factors.  This  constitutes  a  typical  characteristic  which 
is  likewise  evident  in  the  histologic  examination. 

In  the  discussion  of  simple  chronic  anemia  we  showed  that  the  dim- 
inution of  hemoglobin  was  comparatively  greater  than  that  of  the 
blood-corpuscles  (see  p.  69) ;  in  other  words,  that  in  ordinary  anemic 
conditions  the  red  blood-corpuscles  lose  not  only  in  number,  but  in 
individual  value.  Hayem's  accurate  analyses,  on  the  contrarj',  demon- 
strate that  in  progressive  pernicious  anemia  the  number  of  red  blood- 
corpuscles  may  be  considerably  diminished,  while  their  individual  value 
remains  normal  or  even  exceeds  the  normal.  For  instance.  Hay  em 
found  in  one  case  415,000  erythrocytes,  which,  reckoned  according  to 
their  percentage  hemoglobin,  corresponded  to  559,000  (individual  value 
=  1.34).  Quincke,  too,  showed  that  the  blood  of  pernicious  anemia 
is  characterized  by  an  increased  amount  of  coloring-matter  in  propor- 
tion to  the  number  of  corpuscles.  The  relation  which  the  individual 
value  of  the  corpuscles  bears  to  the  severity  of  the  disease  is  best  shown 
by  a  table  of  Hayem's  that  gives  the  estimations  in  one  patient  for 
several  months.  In  the  last  weeks  of  the  disease,  as  the  strength 
decreased,  the  value  of  the  individual  corpuscles  rose : 

1  BosUm  Med,  and  Sury.  Jour.,  1898,  p.  139. 
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Value  In  tennt  of  ad 
|v^t^  Number  of  red  blood-  Average  equlv  wh'ut  iiuiuUt  of 

*^^'  curimhulce.  value.  nonual  red  blood- 

uurpuj^clcs, 

Jan.  4th 738,730  IM  877,287 

Jan.  l*itb    ....  781,200  LOl  923,460 

Jan.  19th    ....  834,250  1^  1,101453 

Jan,  23d 808,006  IM  1,015,807 

Feb.  2d 723,260  L60  1.0ti3,560 

Feb.  7th  ....    .  080,050  1.61  Ml,933 

Feb.  25th    .   ^    .   ;  292,-500  LTQ  498,668 
Mar.  Ist  .   ,    .  ExitiLb  letlialb. 

Laache  contirmed  these  observations  in  a  large  nuoihe»'  of  cases  and 
first  proposetl  the  explanation  which  h  to^Iay  generally  accepted  and 
which  soiveH  Batisfactorily  the  whole  €|uestion.  He  tlemoiistrat'cd  that 
the  increase  in  the  average  value  of  the  bloi>d-corpu^lcs  depends  on 
the  fact  that  in  progressive  pernicious  anemia  many  red  blood-corpuscles 
are  larger  than  normal  and  contain  more  hemriglobin. 

[Too  much  stress  has  been  placed  uiMm  the  high  color-index  by  some 
writers.  My  own  conclusions  regarding  this  matter  *  were  that  while  a 
color-index  above  the  normal  is  the  rule,  exceptions  (Xjcnr,  but  in  such 
exceptional  cases  the  index  is  still  much  above  that  seen  in  severe  tv^pes 
of  secimdary  anemias.  Ewing^  expresses  a  similar  view,  and  Cabot* 
found  the  hemoglobin  **  relatively  high^*  in  98  cases  and  *^not  rela- 
tively high"  in  41  cases  at  the  first  examination.  Strauss  and  Rohn- 
st*?in*  found  indices  varying  fram  0.50  to  L95  and  Cobbs  in  36  cases 
found  an  average  index  of  1.0.— Ed.] 

The  average  diameter  of  the  normal  red  blood-CMirpuscle  is  about 
8.5  //,  and  a  diameter  of  9.0  may  be  deseril]>ed  as  the  high  limit  of 
normal.  Larger  eells^  wliich  we  designate  as  vuirro^  megalo^  or  ffigan- 
ioei/kSf  frequently  occur  in  the  blood  of  progressive  pernicious  anemia, 
80  that  the  average  diameter  increases  to  11—13  /i,  and  single  examples 
are  found  of  16—18  fi  (Askanazy). 

A|>art  from  size,  the  megalo</ytes  are  not  particularly  different  from 
the  normal  re<J  blocKl-eorpuscles.  As  a  rule,  the  concavity  is  less  evident 
and  is  sometimes  completely  unrecognizable.  The  whole  disc,  as  a  con- 
sequence, appears  regularly  round,  and  "  pessary  forms  "  or  even  trao* 
sitions  toward  such  forms  are  scarcely  ever  found.  The  alterations  in 
circumference  are  likewise  more  rare  and  not  so  pronounct*d.  In  fresh 
preparations  the  megaloeytes  show  a  normal  hemoglobin  color,  in  stained 
pn*!^ rations  an  overstaining  with  eosin  or  orange  G.  In  many  cases  a 
polychromasia  is  evident, 

»  **  Diseases  of  the  BI«xk1  *'  IScenitHh  Ccniufy  Prm^ice  of  Medidnt, 
»  C/miAii  PnihoiG^  of  the  Blood,  1903. 

*  A  Quiik  in  (he  CHmieal  BBommaiion  of  tkt.  Biood,  5th  ed.,  1904. 

*  Dk  BlutnLBommenaeintnff  bei  dm  Venschied,  Anamia^  Berlm,  190L 
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Still  these  large  forms  are  not  the  ooly  ones  seen  in  progressive  per- 
nicious anemia  ;  on  the  oontrarVj  we  also  find  enthrwytes,  the  diumc^ter 
of  which  18  normal  or  smaller  than  normal.  The  Hiimll  and  very  small 
formd  (fnicrocytes)  occur  in  similar  uuml>ers  and  are  of  tlie  same  size  as 
IB  simple  clironic  anemia  of  like  severity.  The  blcMxl  of  the  individual 
cases  of  pnign^ssive  pernicious  anemia  receives  its  chamcteristic  stamp 
from  the  number  (percentage)  of  macrocj^te***  and  gigantocj^tes  among 
all  the  reil  blood-oorpuscles.  This  percentage  signifies  more  than  the 
average  dbmeter  of  all  the  bI<M>d-ct>rpuscles,  since  the  latter  is  influenced 
by  tlie  number  and  size  of  the  microcytes,  so  that,  for  instance^  a  mark- 
edly abnormal  blood,  as  far  as  the  proportion  of  lai^  cells  was  con- 
cerned, might  show  a  normal  average  diameter  on  account  of  the 
occurrence  of  a  similar  numlx*r  of  eqnally  small  cells. 

Several  examples  will  illustrate  this.     We  found  ; 

1.  With  advanced  disease,  bad  general  condition  : 
In  eight  cases  71,  71,  *j<>,  65,  60,  58,  57,  56  per  cent,  megalo- 

cytes* 

2.  With  evident  improvement  of  tlie  general  condition  : 
In  five  cases  50,  48,  42,  39,  33  per  cent,  raegaloc^^tes, 

3.  On  complete  remission  : 

In  five  cases  14,  14,  9,  3  per  cent  of  m^Iocytes. 

It  must  be  noted  that  the  distribution  of  the  large,  normal,  and 
small  blood-corpuscles  in  the  same  preparation  is  often  such  that  whole 
fields  show  only  one  kind.  Hasty  examination,  tlierefore,  can  lead  to 
considerable  error  in  regard  to  the  C(jndition  of  the  blood.  Conse- 
quently the  estimations  should  be  made  only  on  dried  preparations 
&ultlessly  spread. 

[Ewing  states  that  *'  It  may  be  said  that  unless  33  per  cent,  of  the 
corpuscles  are  distinctly  oversized  the  diagnosis  of  pernicious  anemia 
should  be  made  with  reserve." — Ed.] 

By  comparative  examinations  Laache  determined  that  the  dispro- 
portion in  the  quantity  of  hemoglobin  accurately  corresponds  to  the 
DtunbeT  of  enlarged  blood-discs?.  As  long  as  the  qnantity  of  hemo- 
globin in  the  blood  exceeded  in  comparison  the  number  of  corpuscles, 
Ibe  large  discs  were  nu  men  his,  an<l  as  the  quantity  of  hemoglobin  ap- 
proached the  normal,  they  bwame  S(]^nty  or  disappeared.  Laache 
explained  the  origin  of  the  large  forms  as  a  sort  of  compensation  on  the 
port  of  the  organism  which  endeavors  to  make  up  for  the  dangerous 
loss  of  oxygen-carriers  by  increasing  their  amount  of  hemoglobin, 
though  he  himself  acknowletlges  that  this  explanation  is  scarcely  satis- 
fiK^tory.     A  clearer  light  is  thrown  on  this  question  by  the  work  of 
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Ehrlichj  who  explains  their  origin  in  progre^^.sive  pernicious  anemia  by 
a  megulobliistic  degeneration  of  the  bone-marrow* 

While  referring  for  the  theoretic  consideration  of  raegaloblasts  and 
the  necessity  and  possibility  of  their  sejiaration  from  the  normoblasts^ 
ete*»  to  the  exphinations  given  on  p[>.  51—61,  I  shall  add  u  few 
facts  in  regard  to  the  ixscurrenee  of  megaloblasts  in  the  cireiilating  blocKJ, 
(For  the  prognostic  and  diagnostic  significance  of  thej?e  cells,  see  the 
correspondi ng  sectit ms, ) 

The  number  of  megaloblasts  in  the  blood  in  progressive  pernicious 
anemia  is  almost  always  very  small,  and,  as  insisted  on  previously,  the 
absence  of  megjiloblasts  should  not  be  considered  in  the  diagnosis  till 
one  or  several  prejmrations  have  been  entirely  gone  over,  if  possible, 
with  the  helj)  of  the  raechaniml  stage.  Accurate  figures  as  to  their 
relative  numbers  can  not,  therefore,  l)e  given,  but  we  must  content  our- 
selves with  statements  such  as,  in  the  whole  preparation,  six,  eight,  etc., 
megaloblasts.  Only  in  extremely  rare  eases,  and  then  usnally  shortly 
before  death,  do  they  occur  in  such  numl)€rs  that  almost  every  field 
shows  one  or  several,  and  in  these  cases  they  constitute  an  ominous 
symptom. 

On  acc^oimt  of  the  usual  small  number  of  megaloblasts,  it  is  not  sur- 
prising when,  for  instance,  in  two  preparations  made  at  the  same  time, 
several  examples  are  found  in  one,  none  in  the  other.  This  shows  that 
the  negtitive  finding  must  l>e  employed  with  much  greater  ciiution  in 
the  diagnosis  of  a  case  than  the  positive.  Moreover,  evident  fluctua- 
tions in  the  number  of  m^alohlasts  occur  from  day  to  day,  without 
corresponding  symptoms  in  the  general  course  of  the  disease  beixig 
recognizable. 

It  must  not  be  forgotten  that  the  presence  of  numerous  megaloblasts 
in  the  bone-marrow  by  no  means  necessitates  their  occurrence  ie  the 
circulating  blood.  No  more  than  under  physiologic  conditions  do  the 
normoblasts  pass  over  from  their  breeding-place  into  the  circulation. 
What  the  irritants  are  that  are  capable  of  sending  the  megaloblasts  into 
the  bhxxl-stream  we  do  not  know. 

While  there  is  no  absr^lute  correspondence  between  the  occurrence 
of  megaloblasts  in  the  blood  and  the  general  ttxunae  of  the  disease, 
experience  teaches  that  they  usually  wander  into  the  blood  in  the 
gresxtest  numbers  in  the  last  days  ante  mortem.  Moreover,  though  they 
may  be  absent  lor  months  at  a  time  during  remissions  they  usually 
appear  again  on  the  recurrence  of  the  symptoms. 

Sometimes,  in  addition  to  the  megaloblasts,  iiat^viobiasts  are  found, 
especially  in  the  relatively  mild  cases.     It  appears  to  us  remarkable 
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that  Schaumao  found  in  all  of  Ins  cas»es  of  bothriocephalus  anemia  both 
varieties  of  crytbrobla.>ts  fx-eurring  togetl*ri\  Frniii  1*0 r  i)t'rsonaI 
experience,  though  it  includes  no  bothrioeepbalus  auemia,  we  must 
ctmsider  their  simultaoeous  oocurrenee  as  a  mrity,  [Other  observers 
are  quite  tiniforraly  at  variance  with  this  view.  As  an  illustration  of 
the  ii^ual  findings  the  figures  of  CaWt  may  be  qootrxl  here*  Among 
13 *►  cases  he  found  megaJoblasts  pirdominfUint/  in  109  j  predoniioatiog 
io  later  examinations  in  27  ;  no  megahjblasta  in  3.  In  other  Wi>rds, 
tliere  were  always  some  normoblastic  a.sK».>ciatecl  with  inegakiblasts  w^hen 
the  latter  were  found.  Tbi.^  coincides  with  the  editor^y  experience. — 
Ed.]  The  writers  have  not  been  able  to  discover  that  the  occur- 
rence of  normoblaist^  introduced  any  change  in  the  general  dij^ease-picture 
as  it  does  in  acute  post-bemorrbagic  anemia.  Nevertheless,  Askanazy 
reportii  a  striking  observation  in  this  reg-ard.  In  one  of  his  oases  of 
bothriocephalus  aneraia  the  bloixl  showed  a  very  large  number  of 
megaloblast^  (40  to  50  on  every  cover-glass)  and  only  isolated  nor- 
moblasts* A  short  time  afler  the  removal  of  the  tapeworm  an  exactly 
opposite  ot^ndition  was  found,  namely,  a  marked  decrease  in  the  megalo 
blasts,  and  a  week  later  an  evident  increase  in  the  normoblasts.  Within 
three  weeks  the  blood  gradually  returned  to  normal.  In  this  c^se  a 
pn>nounceil  general  improvement  accompanied  the  appearance  of  the 
iior[iiobla.^ts.  The  number  of  blood-corpuscles,  which  before  the  re* 
moval  of  the  worm  amounted  to  1,200,000,  rose  in  two  weeks  to 
2,140,000,  in  four  weeks  to  4,250,000.  The  increase  in  blood-corpus- 
cles was  therefore  introduceil  by  the  api>ea ranee  of  the  normoblasts 
jii8t  as  in  acute  post- hemorrhagic  anemia.  A  case  of  kryptogenetio 
progressive  pernicious  anemia,  descril>ed  by  Dorn,  is  even  more  pro- 
nounced. While  showing  the  signs  of  a  marked  anemia  the  blotxl  was 
suddenly  inundated  w^ith  normobla,sts,  which  disappears!  again  in  a  few 
days.  Within  two  weeks  after  this  the  number  of  red  blood-corpuscles 
had  increased  three  times*  This  is  a  condition  well  worthy  of  the  name 
*'  blood  crisis,**  suggeste<l  by  v.  Noorden  for  a  similar  condition  in  acute 
post-hemorrliagic  anemia. 

As  pointed  out  first  by  Ijuzet,  and  since  then  by  everj^  obsen^er  who 
has  had  the  opfx>rtunity  of  examining  the  blood  of  jxTuicious  anemia 
ID  stained  preparations,  karyokinitic  figures  in  every  stage  of  develop- 
ment may  be  found,  especially  in  the  severe  cases,  though  Schauman  saw 
them  in  1  case  which  later  recovered.  [Interesting  papers  on  mitose-s 
m  the  circulating  hlcHxl  have  been  recently  published  by  Dockland 
'  Trans.  AMaoc  of  Ameriean  P%.,  Not.,  1^02. 
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C.  Y.  White. ^  The  oecurrencje  of  such  cells  does  Dot  offer  any  im- 
portant criteria  for  diiignosls  or  prognot^is, — Ei>,] 

Before  leaving  tliis  subject  other  peculiar  changes  of  the  red  blood- 
coi-puijcles  must  be  mentioiied,  namely,  the  occurrence  of  pnnciaie^ 
gt'anui(u\  or  larger  depoiiits  in  tlieir  protoplasm  invisible  in  the  fresh 
bloodj  but  brought  out  by  staiiiiog  with  uiethyleue-bhie.  In  prejmra- 
tions  still nctl  with  Chenzinj^ky's  fluid,  for  iostancc,  these  depcisits  are 
sometimes  so  fine  and  so  closely  packed  together  that  the  whole  cell 
appears  to  l>e  stainetl  a  honiogeneous  bhie,  and  the  structure  mn  be 
recognized  only  with  considerable  difficulty.  In  otlier  cases  the  granules 
are  larger;  again,  some  may  be  very*  fine,  others  large  and  rough. 
Moreover,  they  may  be  i-egularly  distributed  throughout  the  whole  cell 
or  be  limitctl  Ur  a  portion  of  it  (see  Plate  II.,  Fig.  5). 

As  fiir  as  the  writers  have  studiti:l  the  literature,  these  cells  were  first 
mentioned  in  a  dissertation  prepared  under  v,  Noortlen's  direction*     In 

1893  Askanazy  described  them  in  a  case  of  anemia,  and  considered  the 
gmnules  as  products  of  a  karyorrhexis.      In  a  monograph  published  in 

1894  Schaimian  also  mentioned  these  cells.  In  1890  one  of  us  was 
able  tc*  report  more  than  20  cases  of  progressive  pernicious  anemia  in 
which  they  w^ere  unexceptionally  fivund.  Since  then  they  have  been 
fre<;[uentlj  mentioneil  and  described  (Klein,  Zeoni,  Ignoble).  A  short 
time  ago  A.  Plehn  deraonstrated  morphologically  similar  elements  la 
numerous  cases  of  malaria  and  pei'sons  who  dwelt  in  malarial  districts. 
K.  Grawitz  has  very  re<*ently  confirmed  Plehn 's  finding  in  several  cases 
and  demonstrattHl  them  also  in  progressive  pernicious  anemia  due  to 
carcinoma,  suppuration,  and  leukemia.  Finally  it  must  be  mentioned 
that  Pappenheim  and  C.  S.  Engel  have  de&cribed  similar  deiK)6it8  in 
embryonal  red  blood-corpuscles. 

These  cells  are  readily  foun<l  in  severe  stages  of  progressive  pernicious 
anemia  afl;er  attention  is  once  directed  to  them.  Sometimes  only  one 
exami>lc  in  several  fiehls,  but  frequently  eight  to  ten  ejcamples  in 
every  field*  Their  frcc|iiency  undoubtedly  corresi>onds  to  a  certain 
extent  to  the  severity  of  the  disease.  When  the  severe  stage  of  pro- 
gressive pernicious  anemia  remit.s,  they  become  more  rare  and  gradually 
disappear  entirely  from  the  bhx>d.  [Stengel,  White,  and  Pepper*  fuund 
granular  erythnieytes  in  7  cases  of  pernicious  anemia,  and  regard  them 
as  practically  oijnstant  in  advanced  stages  of  this  disease,  though  not  as 
striking  a  feature  in  it  as  in  lead-poismning.  The  nature  of  these 
granules  has  been  discussed  in  a  previous  section  (see  p.  59).— *Ei>.] 

'  Unii\  of  Penna.  Mfd,  BuU.,  1903. 
» Jim<r,  Jour.  Med,  Sd.,  May^  1902. 
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EXPLAl^ATION  OF  PLATE  IL 

Fig.  3. — Prepabation   from   an   Advanced   Case   of  FROGREsanrB 
Pernicious  Anemia  from  Unknown  Cause. 

a,  Megalo  or  gigan  tab  lasts :  the  protoplastn  shows  marked  polychro- 
masia;  b,  stained  granules  in  erythrocytes  with  normally  stained  proto- 
plasm ;  c  and  (f,  polychromat^phylin  degeneration ;  c,  megalocytes ;  /,  normo- 
cytes. 

Fio.  4. — Preparation  from  the  Same  Case  Taken  Some  Time  Later 
WHILE  THE  Patient  wab  Subjectively  and  Objectively 
IN  Perfect  Health. 

a,  Punctate  erythrocytes  with  normal  and  anemic  degenerated  proto- 
plasm; b,  fiolynuclear  leiiki>cyte;  c,  normal  red  blood-corpuscles;  d,  some- 
what enlarged  erythrocytes. 

Fig.  5.— Series  of  Cells  from  a  Case  of  Severe  Prooressfve  Per- 
Nicioue  Anemia  of  Unkkown  Etiology;  Preparation 
Made  Two  Days  Ante  Mortem. 

a,  Nucleated  red  blood-corpuscles  characterized  as  normoblasts  by  the 
intense  staining  of  the  nuclei,  of  and  a",  karyokiuetic  figures  in  erythro* 
cyles ;  the  protoplasm  finely  punctate ;  b,  beginning  karyolysis  in  a  megalo- 
l»last;  c,  erythroblasts  with  coarse  granulation  of  the  protoplasm;  i  nuclear 
remains  (?)  and  fine  granulation  of  the  protoplasm;  c  and  /,  finely  punctate 
•  red  blood-corpuscles;  g,  megalocyte  with  two  blue  nuclei;  unclear  remains 
(?)  in  the  polychrome  protoplasm. 
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The  Bignificance  of  these  granules  is  by  no  means  assiireil.  The 
writer  will  only  mention  tlint  Plelin  regards  them  as  germs  uf  the 
malarial  panii^ite  and  designates  them  '*  karyoelinirnatophilie  granules.'* 
To  consider  them  sus  an  expression  of  polychr^imaUiiihilie  degeneration 
is  not  pnictieabk%  sinee,  though  they  are  often  frmiid  in  jM>lyehromato* 
philie  rlegenerated  eidls,  they  occur  not  less  frequently  in  those  with 
normal  stained  protoplasm.  The  theorj"  that  they  are  prothict^  of 
nuclear  destrnetion  withiji  tlte  blotxl-corpuseles  is  supported  by  their 
oeeurrenee  in  embryonal  cells.  Moreover,  the  series  of  pictures  which 
the  writer  has  <ibtaine<l  from  one  single  preparation  of  progres^sive  j>er- 
Dicious  anemia  (Plate  II.,  Fig.  5),  seems  to  him  to  confirm  it.  Still, 
the  figures  a'  and  r/",  in  which  the  cells  show  a  mitotic  figure,  though 
tfie  protoplasm  is  fille<l  with  the  granules,  are  directly  against  this 
theory  of  karj^orrhexis,  since  it  would  he  necessary  to  assume  the  im- 
pn»bable  explanation  that  the  cells  containal  primarily  two  nuclei,  one 
of  which  was  destroyed,  wliile  the  other  went  on  to  division. 

Further  observations  on  these  cells  wliich  are  of  undoubtetl  signifi- 
caDce  in  the  study  of  anemia  are  desirable  so  as  to  complete  and 
explain  our  present  knowletlge.  In  order  to  avoid  a  misnomer  on 
account  of  not  understanding  their  signiticiince  and  so  put  nothing  in 
the  way  of  their  future  designation,  the  writer  will  call  them  simply 
**  punctate  erythrocytes." 

The  further  changes  observwl  in  the  ret!  blo^xl-corpuseles  in  pro- 
essive  pernicious  anemia  are  not  |ieculiar  to  this  disease,  hut  are  more 

less  evidently  pronounced  in  every  severe  anemia.  Among  these 
may  be  mentioned  small  erythrocytes  and  manifold  alterations  in  shape, 
appearances  which  for  a  long  time  were  reganied  as  characteristics  of 
progressive  j)ernieious  anemia.  It  is  to  be  addetl  tliat  in  mme  cases 
the  blood-corpuscles  show  very  little  change  in  shape  in  spite  of 
a  pronouncetl  micmcytosis ;  and,  again,  it  sometimes  happens  that 
microcytes  are  entirely  absent.  In  the  very  great  majority  of  cases, 
however,  the  number  of  mterocytes  and  ]>oikilocytes  is  marked.  More- 
over, tlje  ameboid  movement  of  the  poikihx?ytes  ('^^  pseudoparasite," 
Hayem)  is  not  regularly  seen,  anil  when  it  cKXJurs  it  can  not  be  dif- 
ferentiates! from  that  of  other  severe*  anemias. 

Anemic  or  polyehromatophilie  flegeneratian  is  encountered  in  a  lar^ 
porportion  of  all  the  erythroeytes,  and  reaches  higher  grades  than  in 
ly    other   disease.     On    staining   with    eosin-methyleoe-blue  we    not 

ely  find  cells  of  such  a  pronounce+I  blue  color  that  they  are  recog- 
ntxed  as  erythrocytes  only  by  their  shape  and  the  absence  of  a  nucleus. 
The  proof  brought  forward  by  C.  S*  Engel  from  his  investigations  of 
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embryonal  blwxl,  tliat  pK>Iychromai?ia  of  the  erytbroblaste  is  not  alwaj^ 
a  symptom  of  degeiieratioOj  but  may  be  a  physioIogiL-  pei'tiliarity  of  a 
definite  eiirlier  stage  of  development,  terminated  tlie  long-continued 
dispute  t>etween  Ehrlich  and  Gabritsebewsky  in  favor  of  the  latter. 
In  the  discussion  of  EngePs  discourse  Ehrlieb  himself  ackn<»wledged  a 
physiologic  ixjlyehromasia  in  embryonal  blood,  though  without  dismiss- 
ing its  importance  as  a  symptom  of  degenei'ation  in  the  blood  of  adults 
(i*ee  p.  48)* 

The  absence  4>f  muleaux  formation,  to  which  some  authorities  attribute 
special  significance,  must  be  mentioned.  It  is  more  pronounced  the 
smaller  the  number  of  red  bloodn^orpuscles. 

In  the  hematologic  investigations  devoted  to  progressive  pernicious 
anemia  during  late  years,  the  white  filood^corpuscies  have  beeu  treated 
in  a  somewhat  ofi-hand  fashion,  and  we  find  in  the  literature  so 
far  no  special  observations  corresponding  to  our  present-day  demands. 
Still  it  is  gcncmllv  coneetletl  that  in  the  majority  of  cases  their  absolute 
number  is  decreased,  and  that  any  hy[verleukocytosis  must  be  attributed 
to  a  complication  or  a  special  phenomenon  in  the  c<iurse  of  the  disease. 

The  absolute  nuiuber  of  leukocytes  per  cmm.  is  in  comparison  with 
the  normal  (7000  to  10,000),  invariably  decreased*  The  lowest  num- 
ber,  1500  to  2000,  was  noted  by  Hayem.      [Cabot's  figures  are  as 

follows : 

Leuk4>c\ftes  (^when  cnse  wa»  fini  examined). 

Under     1000    .    /.    .    / 11  OMM 

lOOO  to    34)00 29  « 

30O0  to    5000 •••.,-. 53  " 

5000  to    7000 28  " 

7000  to  ICMXJO 14  " 

10000  to  13000    •    . _4  •* 

Total 1^        —El).] 

The  writers  have  made  absolute  estimations  indirectly  by  comparing 
the  number  of  red  hlootW'orpusclcs  with  the  actual  projiortiou  of  whites, 
and  comparing  the  relation  of  the  individual  varieties  of  whites  with 
one  another.  In  pn>gres8ive  pernicious  anemia  these  estimations  rec|Q]re 
especial  p^itience  and  time,  since  frecjuently  scverjl  dric4l  preparations 
must  be  entinc^ly  gone  over  with  the  help  of  the  mechanical  ^tage  before 
a  sufficient  number  of  leukiicytes  is  brought  to  view.  We  may  intro- 
duce here  figures  from  uncc»m plicated  cases  of  kryptogenetic  pernicious 
anemia  taken  at  the  height  of  the  disease  and  at  the  beginning  of  the 
remissions. 


Cdse  t  Sch,  Oct  25,  1894.  Moderately  bad  general  condition. 
Blood  examination  ;  Megalocytes^  66  per  oenti  ;  in  one  cH)ver-gla»8  prepara- 
tiOQ,    8   megaloblasttt,      Poikilocytosis   of  moderate   degree*      Very    many 
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punctate  erythrocytes ;  marked  polychromasia.  Number  of  red  blood-cor- 
puscles, 1,340,000. 

Estimation  of  the  leukocytes :  Proportion  of  white  to  red  blood-cor- 
puscles ^=  1  :  1275. 

In  a  differential  count  of  200  leukocytes  we  found : 

Ljmphocytes 50.0  per  cent 

Polynuclear  iieutrophiles 42.5 

Lar*ge  mononuclear 0.5 

Myelocytes 0.5 

E^inophiles 6.0 

Mast^cells      0.0 

November  12,  1894.  General  condition  much  improved.  Blood  ex- 
amination :  Megalocytes,  33  per  cent. ;  no  erythroblasts.  Punctate  ery- 
throcytes scanty,  about  10  in  the  whole  preparation.  Moderate  polychro- 
masia.    Slight  poikilocytosis.     Number  of  red  blood-corpuscles,  4,115,000. 

W 

^=  1  :  218.     Differential  count  of  400  leukocytes  showed : 


Lymphocytes 12.0  per  cent 

Polynuclear  neutrophiles 78.2        " 

Eorinophiles     9.5        " 

Large  mononuclear ) 

Myelocytes VO.O        " 

MastKiells J 


Case  2.  M — r.  Oct  15,  1894.  Bad  general  condition.  Blood  exami- 
nation :  Megalocytes  71  per  cent, ;  8  megaloblasts  in  the  whole  preparation. 
Very  marked  poikilocytosis;  considerable  anemic  degeneration;  in  about 
every  second  field  a  punctate  erythrocyte.  Number  of  red  blood-corpuscles, 
549,000. 

W 

^=  1 :  1670.     Among  200  leukocytes  were : 

Lymphocytes 62.0  per  cent 

Polynuclear  neutrophiles 35.0        " 

Large  mononuclear      2.5        " 

Eosinophiles 0.5        " 

Myelocytes \f\f\        « 

Mast-cells /"•" 

Oct  31, 1894.  Clinically  much  improved.  Blood  examination  :  Macro- 
cytes,  39  per  cent. ;  several  normoblasts  to  a  preparation,  no  megaloblasts. 
Punctate  erythrocytes  moderately  numerous.  Slight  poikilocytosis  and  poly- 
chromasia. 

Number  of  red  blood-corpuscles,  1,525,000. 

W 

15-  =  1  :  625.     Among  300  leukocytes  were  : 

Lymphocytes 31.5  per  cent 

Polynuclear  neutrophiles. 56.0  " 

Eownophiles 11.0  " 

Myelocytes 0.5  " 

Large  mononuclear 0.5  " 

Ma«t<ell8 0.0  " 

17 
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Case  3,  8 — r.  Now  2(i  1897.  Moileralely  poor  srenernl  conditioD. 
Blood  exaiiiinatiou  :  ^faerocytes,  71  j^er  cent.  ;  12  iTiegnlohla>ti*  to  a  prepa- 
ration. Marked  ixnUilocytosis*  polychromasia.  Very  many  punctate  eryth- 
rocytes ((>-H  to  a  lield), 

(  Id  this  nii^e  tlie  red  hlood-tx>rpuscles  were  not  counted.  J 

W 

^  —  1  :  1120,     Ainotig  308  leukocytes  were: 

Lyniph(K*yte8 .    - ,   ,   ,    ,  44.5  per  cent, 

Polyiiuck'or  neiitropbilefl 41>.5       ** 

Eosinoplitleit   ..*....,. 5.0       " 

Larg<i  iiiononuclear L3       " 

MyelocyteH ,         2  examples, 

Masl-ci:llis ,  1  essimple. 

Dec*.  9,  1897.  Evident  improvement  in  the  general  conditioD,  Blood 
examination  :  Megalocyte«  33  per  cent.  ;  no  erytbrohlasts.  Slight  polychro- 
masia,  puoctation,  and  ix>ikiloevtosis. 

W 

^  ^=  1  :  800.     Among  200  leukocytes  were : 

Lymphocytes  ,..,.., 3L5  per  cent. 

Polyoutrlear  neutrophilefl 64.0       " 

E<^iiiophile*i 0.5       ** 

Larj^  mononuclear 2.5       ** 

Myelocyte;* 0.6        '* 

Mnsl-celk 0.0       ** 


March,  0,  1898.  Objectively  and  subjectively  the  general  condition 
wajs  e.xcellent ;  the  |>atient  gave  the  inrpreiiiiion  of  jierfect  health.  Blood 
examination :  Red  blood -corpuscles  of  normal  size  with  only  slight  altera- 
tions in  shape.  No  erythroblasts.  Several  punctate  erythrocytes  in  the 
preparation  (in  one  3»  another  5).     Sliglit  i>o!vcbroniasia. 

W 

-^  ^=  1  :  650,     Among  255  leukocytes  were : 

T^ymplii  Kbytes  ...*.. 29.0  per  ccat 

rolyniiclear  neiitropliiles 04.2       " 

Eosinophiles    ,,...,...*..... 5.9       ** 

Lur^  mononuclear 0,8       " 

ftfyekicytes . 0.0       " 

Mai^t  ce*tls  (2  examples) 0.8       ** 

The.se  cases  which  we  have  introduc^ed  only^  as  examples  of  many 
similar  ones  jiermit  us  to  dnnv  the  following  conclu.sions  in  r^^rd  to 
the  liehavior  of  the  white  blood-corpuscles  in  progressive  pernicious 
anemia  : 

1.  The  lymph-eells  show  an  evident  regular  increai^e,  iH?aching  in  one 
case  62  per  cent.  This  increase  in  lymph-cells  i.s  assuredly  not  absolute 
but  relative,  and  is  due  to  tlie  cells  of  the  lK>ne-marr«nv  group  being 
diminished,  [An  absolute  increase  in  the  numlx'r  of  lymphocytes  is 
not  infrequent,  e.'^peeially  towartl  the  end  of  the  disease.  Stengel  ^  states 
that  when  preagonal  leukocytosis  occurred  he  found  an  excess  of  lym- 
»  a^ueaewlA  Cbit  FracHce,  voi  vii 
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i ;  Da  Costa  (Clmkal  Ileniaiolog^)  records  Bimilar  observatione, 
as  does  also  Calx>t  (^Clinical  Ju:ammaiianf<  of  tJu'  Bhml),  Strauss  and 
RobocSleiii  *  report  a  diniinutioD  in  the  muhiniiclear  cells  in  pernicious 
aDemia,  the  average  being  52.5,  The  mononucleiir  cells  at  tlie  same 
time  rose  to  45.1  per  cent,  in  the  23  cases  examined  ;  37  per  cent 
were  lympliucytcft,  and  all  of  the  eases  except  one,  in  which  tfjc  patient 
was  inarticulof  the  perceutage  of  niuUiiiuclear  cells  was  below  70  ]kt 
cent.  These  results  differ  from  tho^e  of  McCrae,  who  found  in  30 
cases  an  average  of  64  per  cent,  muhinucleur  a  nil  34  per  cent,  mono- 
nuclear. The  average  *jf  tlie  lyriij^hocytes  in  1 1  fatal  crises  was  only 
29  per  cent.»  while  lo  H*  cases  that  improved  under  trcatnieut  the  aver- 
age wag  31  per  cent.  Lymphocyte  ct»uuts  similar  to  those  of  Stmues 
aud  Rohnstein  have  been  reporteil  by  Pepper  auil  Stengel/  Klebg, 
Hayem,  and  others, — Ed.] 

2.  The  behavior  of  the  eoRinophUes  is  not  satisfactorily  explained  in 
these  cases,  since  their  percentage  was  normal  in  scveml  cases  in  which 
the  other  bone-marrow  cells  were  eunsidembly  below  the  normal.  Still, 
we  must  realize  how  readily  accident  may  be  responsible  for  differences 
in  such  small  nnmliers  (4  per  cent.). 

3.  The  diminution  of  the  pofynndrav  veittrophiles  is  striking  and  is 
due  to  an  absolute  decrease,  the  result  oi'  the  severe  depression  uf  the 
bone-marrow  function. 

In  several  cases  (v.  Noorden,  Dorn)  an  extremely  marked  hypers 
teukocytosw  was  found,  wliieh  on  tirst  glance  gave  the  impression  of  a 
leukemia  on  acc*ount  of  the  simiiltane:>us  uccurfcnce  of  normoblasts. 
As  has  been  mentioned  in  another  c*)nneetion  al>ove,  this  process  was 
the  forerunner  of  an  extremely  rapid  impruvcmeut.  In  other  cases, 
however,  the  occurrence  of  numerous  leukocytes  is  a  very  ominous 
pn>gn<istie  symptom,  since  it  either  indicates  the  existence  of  a  eompli- 
tioD — f,  ff.,  a  pneumonia  or  a  sup|*urative  process— or  h  the  forerunner 

death.  For  instance,  a  considerable  hyperlenkocytosis  was  found  in 
2  csaaes  of  Lilten*s  within  a  few  hours  of  death,  and  Gottlieb  observed 
1  case  of  genuine  progressive  pernicious  anemia  in  which  at  the  begin- 
ning no  increase  of  white  blood -corj>uscles  was  found,  w^iile  shortly 
l»efore  dejith  they  amounted  to  30,000  per  c.mm.,  making  a  relation  of 
whites  to  red  of  1  :  18. 

In  none  of  the  writers*  cases  have  they  been  able  to  find  morpho- 
logic alterations  in  the  leukocytes  except  once,  the  filamentous 
apj)eanince   of    the    lymphocytes   described   on    p,    46,      Gumprecht 

*  Die  Bluimtmmmm»dmm^  bd  dm  Vcnehied  men  Anaemieny  Berlin,  1901. 

•  QmffraaJUt  Inn^rt  Mtd,^  Bd.  14. 
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describes  several  cases  of  degeneration  of  the  lymphocytes,  oonfiktiDg  in 

achrtjmatisDi,  enlurgement  aiul  vaeuolizutimi  of  tlienueleu.s,  and  brenking 
up  of  tin-  pr<itoplaj*rtL  Hayt'm  ob.served  in  all  very  severe  anemias  an 
extra<inlioary  increase  of  neutrophile  granulations  at  the  periphery  of 
the  polynuelear  leukocytes,  the  half  of  these  cells  being  thus  altered. 
The  same  invc-stigator  makes  the  et»njecture  that  the  protoplasm  of  these 
cells  imbibes  bemuglubin  in  the  severe  cases.  [Pase  *  ha.s  reporteil  a 
case  in  \\'hich  the  nentrophik^  granules  were  absent  from  the  ixjlymor- 
ph<inurlear  ci'Us.  There  was  also  an  absence  of  basophile  and  e<)sino- 
phile  granules,^ — Eix] 

The  other  physical  and  chemic  methods  of  investigation  have  so  far 
shown  no|K^<'uliarity  of  the  Wood  in  progressive  pern ieionsaueniia  which 
would  ditlerentiate  it  from  other  anemic  conditions  of  similar  severity. 

1^1  le  specific  gravity  ol'  the  entire  blood  is,  acconh'ng  to  Lyon- 
net^s  statistics,  invariably  lo%v  in  progressive  pernicious  anemia.  The 
lowest  speeitic  gravity  ntentioned  l>y  liim  is  1027  in  a  case  observed  by 
Copernann.  In  cases  in  which  Lyonnet  made  estirautions  over  a  long 
peritxl,  tlie  sjjecific  gravity  corresfjonded  to  the  general  condition. 

The  estimation  oi*  the  diy  residue  of  the  blood  was  undertaken 
in  several  cases  by  v.  Jakseh  and  Orawitz.  Their  lowest  amounts  wxtc 
10.82  and  9.07  per  .cent.,  respectively.  The  percentage  of  albtl- 
mln,  which  v,  Jaksch  found  decreased  in  one  of  his  eases  to  9.94  (normal 
22.62  i»er  cent.),  coiTcsponds  to  this.  Still  while  in  simple  anemias  this 
dimiuution  of  the  percentage  of  albumin  in  the  blofMl  eorresponds  to  a 
decrciise  of  tlie  same  in  the  iml  blood-corpuscles,  v.  Jaksch  found  in 
]>ernieious  anemia  an  augmentation  of  the  percentage  of  albumin  in  the 
retl  lilcHjd-eorpu.scnhir  substance  (*niy]>emlbuminemia  rubm'').  This 
authority  states  the  normal  percentage  in  100  gm.  of  moist  red  blood- 
t»t>rpuscles  to  be  5.52  N  ^=  34.5  albumin,  while  in  a  case  of  prc^ressive 
pernicious  anemia  N  =  6.48,  A  =  40.5.  The  decrease  of  albumin  and 
nitrogen  in  the  wliole  blood  is,  therefore,  attributable  to  the  oligo- 
cytliemia,  since  the  erv^throcytes  present  contain  more  albumin  than 
normal.  This  fimling  is  in  aeoiird  with  nmerot;yte  formation  and 
Hayem^s  int-reased  percenbige  albumin  in  the  i nd i vidu a IblfKxl -corpuscles. 

S|>ecial  investigations  of  the  Sertllii  by  Hammerschlag,  Grawitx, 
and  Dieballa  show  that  even  in  severe  eases  of  progressive  pernicious 
anemia  the  blood -serum  loses  either  not  at  all  or  only  slightly  in  albu- 
min. In  one  severe  case  (red  blood-cjorpuseles  5o6,000,  hemoglobin 
20  pcT  cent,,  specific  gravity  1028.5),  for  instance,  Diebdla  found  the 
iiercentagc  albumin  of  the  serum  to  be  9.49  (normal  10  to  10,5  per 
*  Rifmm  Mtd.,  im%  p,  103. 
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cent.),  while  the  percentage  albiimin  in  the  entire  blood  was  only  the 
half  of  normal.  Grawitz  observed  in  similar  cases  the  dry  residue 
of  the  entire  blood  reduced  one-half,  that  of  the  serum  only  about  one- 
fifth. 

The  writers  wish  to  state  expressly  that  on  careful  manipulation  of 
the  blood  the  serum  remains  unstained,  and  that  the  occurrence  of  hemo- 
globin in  the  serum  in  progressive  pernicious  anemia,  though  frequently 
asserted,  has  not  been  proved.  Positive  investigations  in  r^ard  to  the  re- 
sistance of  the  red  blood-corpuscles  in  progressive  pernicious  anemia  have, 
as  far  as  the  writers  know,  not  been  made,  yet  a  priori  we  can  assume 
that  it  is  decreased,  so  that  on  glass  the  blood-corpuscles  are  readily 
broken  up  and  the  hemoglobin  goes  over  into  the  serum  if  there  is  lack 
of  care  in  the  manipulation. 

A  very  interesting  property  of  the  serum  in  progressive  pernicious 
anemia  has  been  recently  observed  by  Maragliano.  He  found  that 
the  serum  in  certain  pathologic  conditions,  among  them  progressive 
pernicious  anemia  in  all  its  stages,  dissolves  on  glass  the  healthy  cor- 
puscles and  breaks  up  the  hemoglobin,  while  the  serum  of  healthy  indi- 
viduals, on  the  contrary,  preserves  the  cells.  According  to  Maragliano's 
investigations,  this  pathologic  serum  contains  less  salts  than  normal  and 
its  globucidal  power  can  be  destroyed  even  intra  corpus  by  the  intra- 
venous injection  of  common  salt  The  clinical  study  of  this  remark- 
able phenomenon  is  limited  on  account  of  the  lack  of  material,  especially 
in  the  case  of  progressive  pernicious  anemia,  still,  if  confirmed  by 
further  observations,  it  may  be  found  serviceable  in  explaining  the 
pathogenesis  and  the  nature  of  anemias.  That  considerable  biologic 
significance  is  attributable  to  it  is  shown  by  the  recent  work  of  Ehrlich 
on  "  hemolysins  '*  and  similar  substances,  which  seem  about  to  pave  the 
way  for  a  new  mode  of  serum  analysis. 

Hayem  and  his  pupils  claim  that  the  coagulability  of  the  blood 
in  progressive  pernicious  anemia  is  normal,  while  it  strikes  the  ^vriter, 
and  Grawitz  makes  a  similar  observation,  that  in  the  majority  of  cases 
the  small  finger-prick  bleeds  a  very  long  time,  provided  the  amount  of 
blood  issuing  from  the  wound  was  not  originally  too  small. 

Considerable  importance  in  relation  to  the  diagnosis  and  the  concep- 
tion of  the  nature  of  the  disease  is  given  by  Hayem  and  Ijenoble  to  the 
phenomenon  discovered  by  the  former,  namely,  that  in  different  pathologic 
conditions  the  venesected  blood  does  not  separate  into  serum  and  coagu- 
lum.  In  a  case  reported  by  Lenoble  there  was  not  the  slightest  sepa- 
ration even  after  seventy-two  hours.     These  two  authorities  regard  this 
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phenomenon  as  of  higher  diagnostic  importance  than  all  the  morphologic 
difleiienoe8, 

Acxjonling  to  Hay  em,  in  the  same  conditions  in  which  thii^  uncon- 
firmed phenomenon  oceui^^  (tiiereture  in  |iro^ressivo  pcrnicinu.s  anemiii)^ 
SL  diminution  of  the  bhiod-jilateletSj  wliit^h  is  often  eon^iderablc,  is  regu- 
larly fi)und»  Van  Einden  found  04,000  and  32,000  j)er  cnim, ;  in  other 
words,  only  the  twentieth  part  of  normal  or  le^s  than  thig. 


CLINICAL  ALTERATIONS  IN  THE  GENERAL  CONDITION  AND  IN  THE 
INDIVIDUAL  ORGANS. 

Among  the  subjective  sytnptottiS  genend  weakness  is  mo^st  tor- 
menting. The  los8  of  niu.seulur  }M>wer  forces  tlie  patient,  even  when  the 
disea.se  m  only  inr»denitely  severe,  to  an  oxtrcnie  restriction  of  exercise 
and  to  abtsolute  rest  for  the  greater  part  of  the  day, 

[On  the  otlier  hand,  the  strength  of  some  ptitients  is  ejctraordinary, 
even  to  a  late  period  ot'  the  disease.  Ttie  eiJitor  observed  one  case  in 
a  man  who  was  able  to  continue  an  unusually  laborious  twcupation  when 
his  bloml-eount  was  reduced  to  1,000,000  and  the  hemagl*jbin  to  22 
piT  cent.  ;  even  more  striking  instances  than  this  arc  report efl  in  the 
literature. — Ed.] 

Certain  symptoms  are  aroused  or  incrt^ased  by  muscular  effort,  for 
instance,  vertigo,  palpitation,  dyspnea,  and  canliae  oppressltm.  Painful 
sensations  occur  in  the  region  of  the  digestive  tract,  either  sj>ontaneously 
or  after  taking  food.  As  in  chlorosis,  a  dull  sensitiveness  of  the  boue^, 
esix-cially  the  tibia  and  sternum,  is  fi-etjuently  pn^*ent ;  percussion  of 
tliese  bones  then  produces  severe  pain. 

Obedience  to  the  demand  for  rest  is  often  opposed  by  a  marked 
degree  of  sleepli^sness  continuing  for  weeks.  This  is  prcnluced  m  part 
hy  otlier  disturbances,  for  instance,  of  the  heart.  This  sleeplessness  is 
extremely  difficult  to  combat,  and  forces  us  sometimes  to  the  employ- 
ment of  morphin,  in  spite  of  the  fact  that  in  all  casas  of  this  kind 
nftn.*otics  should  be  prescrilied  with  the  greatest  caution, 

Tlic  pallor  of  tlie  skin  and  *if  the  \"isib!e  nmcons  membranes  is 
markeil  even  in  the  early  stages,  and  is  of  a  quite  peculiar  tint,  which 
is  only  iueoinpletely  chanieterized  by  the  general  designation  **  wax- 
like, death-like."  Still  this  pwulinrity  is  deserilMxl  with  difficulty,  since 
words  are  lacking  to  express  the  fine  shades  by  which  the  ashen  yellow 
of  Bierraer's  disease  is  thli'erentiattHl  fn>ni  severe  chhirosis  or  advancoti 
cachexia.  That  these  indefinite  though  still  evidently  pronounced  dif- 
ferences exist  is  shown  by  tlie  fact  thnt  anyone  who  has  seen  several 
typical  cases  of  progressive    [wrnicious   anemia  is  sometimes*  able  to 
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lllgke  a  diujLinio.siH  on  the  fiist  glaiu'c,  wlik-h  furtWr  iiire^tigtition  con- 
firms. In  addition  to  the  inti*ii?>ity  and  the  i>eenliar  Hiiiraetcr  uf  the 
pallor,  the  niajority  of  easels  show  a  puttiuess  of  the  fuee,  especial ly  of 
the  under  eyelids,  together  with  an  iode^cribiible  languid  expression  of 
countenance. 

Every  trace  of  redness  often  disappears  from  the  conjunctiva  and 
the  lips  in  out8{xjken  case^.  Rarely  an  evident  icterui»,  though  not 
marked,  is  observed  lo  the  skin  and  conjunctiva  (Quincke). 

The  skin  is  onlinarily  dry,  yet  profuse  out!>reaks  of  perspiration 
are  readily  producetl  by  slight  influences^  emotional  excitement,  insig- 
nificaDt  bodily  efforts,  etc. 

A  symptom  which  is  practically  never  wanting  is  edema,  especially 
of  the  legs  and  of  the  under  eyelids,  though  it  is  also  seen  in  other 
places  on  the  body.  The  swelling  is  practically  never  marked,  but  is 
very  persistent,  and  is  noticeable  as  one  of  the  earliast  symptoms  of 
the  disease ;  moreover  it  readily  occurs  again  in  patients  who  otherwise 
show  a  complete  remission.  The  companitively  slight  grade  nf  the 
edema  and  its  inde|Tendence  of  body  position  makes  it  probable  that  it  is 
not  due  to  stisisj  hut,  as  in  other  anemias,  to  the  alterations  in  the 
blood-vessel  walls  described  by  Cohnheim. 

[Thomas  Houston  ^  has  made  some  investigation  of  the  edema  of 
anemic  conditions  and  finds  in  the  edema  the  cause  of  the  retjention 
of  body  weight  of  patients  having  pernicious  anemia.  A  gain  in  body 
weight  in  {>ernieious  aTiemiu  when  luiattended  with  increase  of  hemo- 
globin indicates  dilution  of  the  blood  and  esc^ipe  of  serum  into  the 
lissues.      It  is  therefore  an  unfavorable  sign, — Kd.] 

^mall  hemorrhages  about  the  size  of  the  head  of  a  pin  in  the  skin 
and  mucous  membrane  of  the  raoutli  are  among  the  most  fix^queut 
symptoms.  From  the  observations  in  the  litemture,  large  extravasa- 
tions appear  to  be  very  rare. 

In  the  diagnosis  of  some  cases  it  is  important  to  remember  that 
Lftacbe  several  times  observed  a  dirty-yellowish  pigmentation  of  the 
skin  which  recalled  Addison's  disease.  The  suprarenal  capsules  in 
these  cases  were  normal,  Immermann  also  rej.M>rts  2  crises  of  pro- 
greB&ive  jjeniicious  anemia  in  which  an  outspoken  bronzing  of  the  skin 
developed  ;  in  1  which  came  to  autopsy  the  supraremd  capsules  were 
likewise  found  intact. 

A  peculiar  atul  undoubtedly  rare  symptom  has  been  rep«>rted  by 
Eichhorst.  He  observed  several  i^ses  in  which  the  patients  **dis- 
^mixiated  to  a  considerable  distance  a  very  repulsive  fecal,  disgusting 
^BriL  Med.  Jour.y  June  14,  1902. 
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cadaveric  cidor,"  wbidi  was  evideotly  not  the  fetor  ex  in^e  described  by 
Hiveral  other  writers,  Thii^  i^ymptom  occurred  iLsually  in  comatose 
patients  two  or  three  days  before  death.  After  death  the  odor  was  no 
longer  ap]mrent. 

The  nutritive  cotidition  of  the  patient  renuiim^  goofl  even  after 
the  diseui^e  has  la.sted  many  months,  and  in  e^ii^e.s  tiiut  i>rove  fatal  ^nth- 
out  complications  the  subcutaneous  fat  is  still  foun*!  well  developed. 
Only  whea  obstinate  vomiting  and  diarrhea  pei^ist  for  a  long  time  do 
we  see  marked  loss  in  weight.  Though  in  mauy  ease??  ilie  condition  of 
nutrition  is  moderately  good  while  the  amount  of  nourishment  taken  is 
extremely  small,  this  is  due  to  the  lowered  metabolism  <m  the  jiart  of 
the  patient,  who  on  account  of  exhaustion  avoids  every  superfluous 
movement. 

The  observations  on  metabotism  in  progressive  pernicious  anemia 
ct^rrespond  exactly  with  those  made  in  other  forms  of  anemia.  These 
show  that  the  proceam  of  oxidizaUon  is  not  diflcrent  frtvm  that  in  health , 
in  fact,  according  to  Kraus,  Thiele  and  Nehring,  and  others,  it  is 
slightly  increased  in  comparison  with  the  normal  How  the  organism 
accomplishes  a  normal  oxygenation  in  sf*ite  of  tlie  marked  absolute 
diminution  in  hemoglobin  and  red  blood-corpuscles  has  been  disctissed 
previously^ 

Investigations  on  a/buminoufi  decompomtion  in  progressive  ])ernicious 
anemia  wei*e  undertaken  by  H.  Miiller,  Ferrand,  Eichhorst  and 
Quincke,  and  Laaciie,  though  they  did  not  make  estimations  of  the 
totid  urinary  nitrogen,  but  of  the  urea.  Their  results  are  a>ntradictory. 
Ferrand  and  M tiller  claimed  a  considerable  diminution  in  the  excretion 
of  urea,  while  the  others  found  what  under  normal  circumstances  would 
be  a  decided  increixse,  and,  considering  the  extremely  lowered  nourish- 
ment, must  be  designated  as  a  striking  increase.  Quincke,  for  instance^ 
found  in  1  case  an  excretion  of  44  gni.  of  urea  rn  twenty-four  hours.  In 
general  J  pcrioilic  Huetuations  were  noticeable,  ami  Jjaaclie  states  that  the 
amount  of  urea  increased  esjxxjially  during  regeneration  simultaneously 
wnth  the  new  formation  of  blcMid-cfirpuscles.  From  estimations  f^f  the 
amount  of  nitrogen,  Boliland  foiind  in  2  cases  of  severe  ankylostoma 
anemia  a  very  de<?ide<l  increase  in  albuminous  decomposition,  which  he 
attributed  not  to  the  anemia,  iKit  to  the  effect  of  a  specific  worm  toxin. 

[Rosenqvist '  bus  stnditxl  the  metabolism  in  pernicious  anemia*  In 
21  eases  of  Ivotliriocephalus  anemia  and  in  3  cases  of  crvptogenetic  per- 
nicious anemia  metalMilie  investigations  were  made.  Before  the  dis- 
chai^  of  the  parasite,  he  found  in  tlie  maj<»rity  of  cases  an  increase  in 
»  Ztii9ckr.f,  kiln.  Med.,  ItXXt,  XLIX.,  1,  2,  %  4,  p.  193. 
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albaminous  destruction^  but  after  the  discharge  of  the  worm  an  albu- 
minoQS  increase  takes  place.  The  nitrogen  balance^  however,  remains 
positive,  even  when  the  parasite  is  present,  and  he  believes,  therefore, 
that  the  destruction  of  albumin  is  a  periodic  one.  The  same  sort  of  . 
periodic  destruction  and  augmentation  is  observed  in  idiopathic  per- 
nicious anemia. — £d.] 

In  color,  daily  amount,  specific  gravity,  and  reaction,  the  mine 
shows  no  special  peculiarities,  the  fluctuations  in  uncomplicated  cases 
lying  within  the  normal  limits.  Still,  it  must  be  noted  that  very  often 
(according  to  Schauman),  without  exception,  a  pronounced  indican  reac- 
tion can  be  obtained,  to  which  H.  Miiller  called  attention  in  his  first 
publication.  As  a  sign  of  increased  urinary  decomposition  other  bodies 
besides  indican  have  been  found  in  the  urine  by  Hunter ;  for  example, 
the  so-called  putrescin  and  cadaverin  (tetra-  and  pentamethylendiamin). 

Laache's  observation  of  a  hemaJturiay  which  must  be  considered  a 
great  rarity,  is  to  be  r^arded  as  an  associated  symptom  of  the  general 
hemorrhagic  diathesis.  In  this  connection  we  must  expressly  insist- 
that  a  hemoglobinuria  has  never  been  seen  in  cases  absolutely  determined 
to  be  progressive  pernicious  anemia.  The  hemoglobinuria  occurring 
after  transfusion  of  blood  has  nothing  to  do  with  the  disease. 

An  abnormally  high  percentage  of  urobilin  has  been  demonstrated 
as  a  regular  occurrence  by  several  investigators.*  That  this  must  be 
regarded  as  a  direct  proof  of  an  increased  blood  destruction  has  been 
stated  in  another  section. 

In  a  large  number  of  cases  a  slight  degree  of  albuminuria  occurs 
which  responds  to  one  test  and  fails  in  the  next  on  the  same  day. 
Since  no  signs  of  inflammation  are  found  by  the  microscope,  provided 
the  cases  are  unassociated  with  complications,  the  simplest  explanation 
for  the  albuminuria  is  to  be  sought  in  alterations  of  the  kidney 
epithelium  produced  by  the  anemia.  Laache,  Birch-Hirschfekl,  and 
others  report  that  they  observed  in  several  cases  throughout  long 
periods  peptonuria  and  albumosuria  without  a  simultaneous  albuminuria. 

The  occurrence  of  sugar  in  the  urine  has  never  been  reported.  In  a 
recent  work  on  alimentary  glycosuria,  Niepraschk  studied  the  effect  of 
Uie  administration  of  grape-j?ugar  subcutaneously  and  large  amounts  of 
cane-sugar  per  os  in  1  case  of  progressive  pernicious  anemia.  After 
the  former  he  found  a  glycosuria  in  that  of  the  80  gm.  of  grai)e-sugar 
injected  (about  one-fourth  was  excreted),  though  after  eating  87.5  gm. 
of  cane-sugar  no  glycosuria  occurred. 

Laache  found  leuein  practically  constant  in  the  urine  of  progressive 
*  Hunter,  Molt,  Grawitz,  and  others. 
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pernicious  anemia.  Ht:  fouml  ftp'fmn  in  3  cases,  v.  X<Jortlen  in  2  cases 
isiib  imem  vitae,  while  atber  cases  failed  to  reveal  thej?e  substances. 

Unc  add  was  fouml  increased  l)oth  absolutely  and  m  comparison 
with  the  urea  in  one  ease  by  Qiiineke.  The  former  figures  were  1  : 
11.5  gm.  (normal  1  :  50  ^m.),  the  latter  1.7  gm.  (tmrmal  0,5  :  1.0  gm.). 
This  inereuse  has  been  confirmed  by  other  investig:itoi*s  in  several  cases, 
but  it  is  by  no  means  constant,  since  normal  averages  are  also  found. 

The  writer  mentions  the  finding  of  aceionnria  (v\  Jakseh),  diacduria 
(v.  Noorden),  th<>uu:h  he  can  not  draw  any  e<vnelusions  inmi  them. 

In  aeconlance  with  Ehrlich  and  St-hanman^  the  writer  has  never 
been  able  to  find  the  diazo-rcaHtott  in  the  urine. 

In  reference  tt»  tlie  inort^aiiie  eoiistitut'iU.--  of  the  urine,  it  must  Ije 
mentioned  that  Daniaskin  ni'tvn  found  the  quantity  of  iron  incRnisixl, 
which  is  probably  attributable  to  the  increased  destruction  of  red  blood- 
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oori)iiscles.  The  chlorids  are  excreted  in  amounts  corres|x^ndiug  to  the 
quantity  of  miurishment.  The  phosi>liates  are  enormously  increased 
(v.  Noorden). 

Nothing  of  importance  can  be  atldcil  to  Biermer's  original  descrip- 
tion in  regiird  U*  the  Ijeliavior  of  the  temperature*  It  shows 
no  constant  relation  to  the  severity  of  the  disease  or  its  individual 
stages.  In  a  patient,  for  instance,  whose  t em ])eratn re-curve  is  given, 
the  improvement,  which  set  in  soon  after  her  admission  to  the  Moal»it 
Hospital,  progressetl  with  a  gradual  diminution  of  the  fever  (see 
Temperature-curve  I.,  Fig.  6).  Ou  the  other  hand,  jwitients  may  show 
for  many  weeks,  even  months,  a  pretty  severe  condition  witliout  the 
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tenqjemtiirt-i'urvi'  being  tlistintruLshable  from  that  i)f  htiilth.  In  still 
other  CcisHesi  ;il>.syliitely  irroguliir  Huctuatirmrt  of  teoi|>eratiirt*  uiay  be  &t*eii, 
and  timiliy  these  ditiereneei*  in  the  tenipemture  may  periiMlically  alter- 
nate with  ime  anotlier,  as  in  Te in perutn re-curve  II,,  Fig.  7  (Laache). 

ElevatifiTis  of  temperature  to  40*^,  40,5°,  40,S'=  (EichhorHt),  a^  well 
as  tow  tlegreen  of  temperature,  especially  as  forerunner!*  of  coma  or 
during  coma,  have  been  observed.  Fi^r  instance,  H,  M tiller  found  in 
1  case  wliieh  showed  a  subnormal  temperature  during  the  last  two 
days  a  tempemture  shortly  before  death  of  25.8*^  in  ano. 

[Osier  *  found  fever  io  three-fourths  of  his  cases.^ — Ed,] 

Schanman  observed  in  80.9  pi^r  cent,  of  his  cases  of  bothriocephalns 
anemia  elevations  of  temperature  as8<x;iated  with  the  fluctoations  de- 
scribed above.  That  the  fever  in  bothrioeephalus  anemia  stands  lo  close 
relation  to  the  disease- process,  is  evident  from  Schapiro's  curve,  which 
shows  in  its  first  part  a  completely  irregular  type  of  fever,  while  after  the 
removal  of  the  worm  the  temperature  bci*ame  normal  in  a  few  days. 

No  satisfactory  explanation  for  the  origin  of  the  fever  and  its  ever- 
changing  behavior  in  progressive  pernicious  anemia  has  been  given. 
Silbermann's  hypothesis  accords  best  with  the  facts,  namely,  that  a  fer- 
ment intoxiciition  is  pnxliietxl  by  the  increased  *lestruction  of  bkHnl- 
corpuscleSj  which  in  turn  produces  the  fever.  There  are  undoubtedly 
consideral>le  difterences  in  the  patliogenesis  of  istilated  eases,  and  we 
have  sutKeient  grounds  for  the  assumption  that  an  increased  destruction 
of  bhiod -corpuscles  does  not  take  jilace  in  all  eases  by  any  means.  It 
is  possible  that  those  cases  in  which  it  does  not  occur  run  iJieir  course 
without  an  ek'vation  of  temjKM'ature, 

The  altemtions  on  the  part  of  the  circniatory  apparatus  have 
always  attracted  the  greatest  attention  from  clinicians.  In  the  first 
placcj  we  may  mention  subjective  cardiac  sensations  consisting  in  vio- 
lent palpitation  and  tormenting  anxiety  which  rob  the  fwitient  of  sleep, 
induce  severe  dyspnea,  and  make  him  restless  in  his  eflbrts  to  alleviate 
his  distress  by  a  change  in  position.  In  less  severe  eases  these  disturb- 
ances are  not  continuous,  but  are  brought  on  by  excitement,  slight 
btxlily  etlbrt,  ete.  Even  in  very  aiild  crises  a  marked  palpitation  may 
appear  in  respmse  to  insignificant  irritation,  which  is  exceedingly  tor* 
menting  and  only  gradually  ceases. 

U|K*n  objective  examination  of  severe  cases  we  find  a  marked  move- 
ment of  the  whole  cardiac  region  in  which  the  ajiex-lx^at  is  scarcely  visi- 
ble. On  palpation,  the  apex-beat  is  more  or  less  evidently  ap[iarent  in 
its  normal  situation.     Pen^ussion  shows,  as  a  rule,  normal  cardiac  dul- 
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Dess,  though  sometimes  as  an  expres.sion  of  complicating  hydropcri- 
cardium  there  is  a  moderate  enlargement  toward  the  right.  Auscultation 
discovers  over  all  ostia  an  evident,  sometimes  soft,  sometimes  rough, 
blowing  systolic  murmur.  The  diastolic  sound  is  almost  always  pre- 
served (yet  according  to  Biermer  diastolic  murmurs  may  occur  without 
valvular  disease  being  found  post  mortem).  It  is  impossible  in  severe 
cases  to  decide  on  one  examination  whether  an  organic  heart  disease  is 
present  or  whether  the  symptoms  are  to  be  attributed  entirely  to  the 
anemia.  The  latter  assumption  would  be  naturally  supported  by  a  normal 
percussion-area  and  a  regular  rhythm,  while  organic  disease  would  be  in- 
dicated by  a  stormy  heart  action  and  intense  murmurs.  If  fever  simul- 
'taneously  exists,  the  suspicion  of  an  acute  endocarditis  may  be  aroused. 

This  description,  which  corresponds  to  the  most  advanced  cases,  is 
subject  to  every  gradation.  The  murmurs  especially  may  show  altera- 
tions of  intensity  and  differences  in  their  location.  They  may  be  heard 
simultaneously  over  all  ostia,  or  again  over  any  one  exclusively ;  even 
the  diastolic  murmur  is,  according  to  Eichhorst,  very  variable  in  its 
localization.  That  the  marked  accentuation  of  the  second  pulmonary 
tone  is  by  no  means  an  evidence  of  a  valvular  defect  is  shown  by  the 
further  history,  of  the  cases  and  the  postmortem  reports.  In  indi- 
vidual cases  the  symptoms  fluctuate  considerably  and  often  show 
decided  variations  within  days  or  even  hours,  which  is  the  best  proof 
against  organic  disease. 

No  strict  correspondence  between  the  intensity  of  the  anemia  and 
the  severity  of  the  cardiac  symptoms  appears  to  exist.  In  Schau man's 
statistics  of  cases  in  which  no  cardiac  murmurs  were  audible  we  find 
advanced  cases  with  only  275,000  red  blood-corpuscles.  Yet  when 
cardiac  symptoms  are  found  during  tlie  course  of  progressive  pernicious 
anemia  they  increase  or  decrease,  corresponding  to  the  increase  or 
decrease  of  the  anemia. 

It  is  not  to  be  doubted  that  all  these  symptoms,  the  subjective  dis- 
turbances as  well  as  the  dilatation  and  the  murmurs,  are  attributable  as 
a  rule  to  the  changes  in  the  heart  described  in  the  section  on  Pathologic 
Anatomy.  Still  the  great  number  of  theories  concerning  this  point 
demonstrate  that  the  explanation  of  the  connection  between  the  two  is 
not  satisfactory.  Moreover,  it  should  be  mentioned  that  Strieker  and 
Rosenstein  each  described  a  case  of  progressive  pernicious  anemia  in 
which,  during  life,  systolic  murmurs  were  heard  over  the  heart,  while 
after  death  no  fatty  d^eneration  of  the  cardiac  muscle-fibers  or  disease 
of  the  valves  was  found.  In  such  eases  the  heart-murmurs  can  appar- 
ently be  attributed  only  to  the  altered  composition  of  the  blood. 
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In  regard  to  tht-  otiier  portions  of  the  circulatory  ap[>iinitti8,  the  fiino- 
tional  nuiniiiirs  whicii  are  freqiRiitly  hennl  over  tlie  jugular  veins  on 
ime  or  liotii  f>iiles  munt  he  mentionetl ;  in  other  not  less  severe  Ciises 
the.sc  nuirmurs  are  vvuiiting. 

Eichhnrst  and  Schanman  fref]nently  observetl  active  pulsation  in 
the  carotids,  aud  heard  iu  other  peripheral  arteriess  a  clear,  loud  systolic 
sound. 

The  pulse  iu  the  mdial  artery  shows  in  all  casts  a  markeil  diminu- 
tion of  teusiou,  and  in  ddlercHit  patients  considend>lc  variatious  m  size. 
The  frequency  is  invariably  increased ;  it  runs  during  rest  between  90 
and  100,  is  readily  increase<l  to  110  and  120  by  slight  irritation,  and 
even  during  comj^lete  rendssion  continues  over  80,  [Osier  states  that 
the  pulse  is  full  aud  strong  and  frequently  suggests  the  water-hammer 
puli^e.     A  ciipillary  pulse  is  frequently  noted. — Ed.] 

There  is  nothing  to  uole  in  regard  to  sj>et*ial  symptoms  on  the  part 
of  the  respiratory  apparatus.  The  dyspnea  mentioned  alx>ve  is 
merely  a  result  of  the  cardiac  disturbances*  In  severe  cases  serous 
hemorrhagic  transudates  may  be  found  iu  the  diaphnigmatie  space*  It 
is  to  l>e  added  that  Sehauman  observed  henu>rrh:igic  fibrinous  clots 
coughed  up  a  few  days  ante  morten]. 

The  digestive  tract,  on  the  contrary,  plays  a  proniinent  role  in 
the  clinical  picture  as  well  as  in  the  etiology  and  anatomy.  In  the  first 
place,  we  may  mention  a  serious  iom  of  appdik\  which  iu  severe  cases 
increases  to  an  uncourpierable  distaste,  even  repugnance,  for  every  form 
of  nourishment  and  for  individual  dishes.  The  WTiter  has  several 
times  ol»served  patients  who  took  their  onlinar^^  nourishment  without 
apivetite,  but  acquired  an  unconquerable  disUiste  for  meat,  which  up  to 
that  time  they  were  fond  of  They  refused  the  smallest  morsel  for  w*eeks 
at  a  time,  nn  matter  in  what  form  it  might  l>e  otfere*!.  In  other  severe 
cases  the  ap|ietitL*  remains  undisturbed  and  bjuliuiia  has  even  been 
reporte<l  by  several  clinicians. 

A  symptom  mentioned  by  seveml  recent  authorities  consists  in  an 
excetnling  »etimfive)iriti<  of  the  tongue  and  the  in  neons  membrane  of  the 
hard  jialate,  the  cheeks,  and  the  gums.  In  t>ue  «tf  the  writers'  ciises 
this  sensitiveness  was  shown  €*s|>eciany  in  regard  to  vegetable  acids,  and 
wine,  gmpes,  apples,  etc.»  pnidnced  the  most  tormenting  burning.  On 
examination  the  writer  found  on  the  tip  and  back  of  the  tougtie  and  on 
the  mucous  memhi*aue  of  the  cheeks  cireninseribe<i  rcHhlish-lirown 
mahogany-like  discxdomtions,  of  punctate  to  dime  size,  which  were 
undoubtedly  the  sit**s  «>f  hypeni^thesia*  It  is  very  probal>le  that 
these  represented  hemorrhages  into  the  mucous  raembmne.     In  another 
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jtttient  (a  female)  an  inten^^e  painful ne^t*  of  the  tongue  and  tli*.'  gums 
aplK'ared  as  the  fir^t  syiiiptoui  of  the  disesis^e,  laskil  tliree  weeks,  and 
disappeared  under  symptoms  of  marked  salivatiou.  Ewald  observed 
in  1  cai^e  round  vesicles  tlie  yize  of  the  heail  of  a  pin  on  the  tip  of 
the  tongue,  its  internal  surfaee,  and  on  the  nuieuus  nieinbnine  of  the  lips 
aiid  cbeek.^,  whieli  nijtitlly  dii-^ippeared  anil  left  behind  a  surface 
desquamateil  of  epithelium.  He  considers  this  piTicess  to  l>e  similar 
to  the  erythema  bull* ►sum  diseribetl  by  O.  Rosenthal. 

A  feeling  of  exei>natirju  in  the  muuth  and  thoughout  the  whole 
length  of  the  esophagus  has  been  observed  by  H.  Muller  and  Laacbe 
ID  several  patients.  Yet  we  must  not  forget  that  the  persistent  use  of 
lie  can  pn*thioe  the  same  symptoms. 

Vomifhu/  is  ver}'  frequent.  In  severe  eases  it  may  become  violent 
and  una>ntrollable»  and  then  render  the  taking  of  nourishment  almost 
imiKissible ;  in  other  eases  it  appeiirs  only  after  htttrty  meals.  The 
vomit  consists  merely  of  food  masses  or  greenish  mneus.  In  1  case 
of  H.  Muller's  traces  of  blood  w^ere  found  in  the  vomit,  and  Barclay 
observed  shordy  before  the  death  of  a  patient  **  dark  masses  in  the 
vomit/' 

As  in  simple  anemias,  we  find  asstxnated  with  the  vomiting  and 
independent  of  it  intense  jxthifufnesH  of  the  gastric  region,  which  is 
difliise  or  eiivnmseribed  and  manifests  itself  spfiutaneonsly  or  only  on 
pressure.  The  abdomen  is  frequently  somewhat  ih^tendecl,  but  soft 
and  readily  eompre>>sible.  Pulsiition  of  the  epigastric  region  is  fre- 
quent* 

A  c/wmiV  InvcHfifjathn  of  the  (/ttsiric  juhe  lias  been  recently  carrie<l 
out  with  especial  attention  to  the  fretjueutly  assnciate<l  atrophy  of 
the  gastric  mucous  membrane.  Exact  figures  can  not  at  present  be 
given,  yet  in  an  exceedingly  large  prof)<»ition  of  cases  there  w*as  a 
marked  diminution  c»f  the  pistric  secretion,  even  to  its  complete  absence 
{**acbyHa  gastrica '^)*  These  investigations  were  made  prineipidly  by 
Schauraan  and  Martins.  Of  11  patients  of  the  former,  10  showed  no 
free  hydnK»h]r)ric  acid.  [In  a  recent  communication  Einhorn  ^  denies 
the  asserted  relationship  of  pernicious  anemia  and  achytia  gastrica.  In 
ihe!?e  cases  the  gastric  juice  was  present  and  even  normal, — Ed,] 

Moreover,  Martins,  in  his  frequently  quoted  monograph,  showed 
that  the  achylia  was  not  alwnys  attributable  to  atrophic  conditions.  In 
e&8e8  in  which  the  absence  uf  hydrochlfiric  acid  was  determined  a  more 
or  less  extensive  atrophy  of  the  gastric  mucous  membrane  w^as  usually 
found  post  mortem,  yet  the  finding  of  hydrochhiric  acid  constituted  no 
'  Med.  RttQi-d,  Feb.  28,  1903. 
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positive  proof  that  the  mucous  niemhraae  was  uninjured,  for  1  such 
case  of  K<x'1j\s  .shuwecl  a  nuu'kinl  tlcgroe  of  atropby, 

JHdtirbances  of  hUMinal  acdi'Hif  arc  very  fretjuent  and  vaiy  in  kind 
and  degree.  In  one  series  of  ciise^  we  see  oh-stinate  eonstipation^  in 
another  ijersistent  diarrliea,  and  even  an  alternation  of  the  two  in  the 
same  patient,  while  tit  ill  others  manifest  an  absohitely  normal  digestit>n. 

The  appearanee  of  the  feces  sliows  uothing  <itit  of  the  eommou. 
li^ohited  eases  have  Ix^en  descrilx^d  (Wallenstcin,  (juoti'd  by  Herz),  in 
whii'h  the  evaenation  was  niarke*lly  achoHe»  indieating,  therefore,  a 
considerable  disturbance  in  fat  i*esorption.  On  microscopic  investiga- 
tioUj  Avhieli  should  be  frequently  reiM^ited  in  every  case»  the  most  inip>r- 
tant  occasional  fintlirig  is  tlie  eggs  of  the  Ixithriocephalus  or  other  intes- 
tinal worm.  The  discovery  of  leuein  and  tyrosin  crystals^  tu  which  some 
significance  was  attrilnited  at  the  beginning,  is,  acct>rding  to  Eichhorst, 
characteristic  only  for  the  tlitirrlied  stuols,  and  not  for  the  ]>rogressive 
pernicious  anemia,  [A  ease  reiwrted  by  Jiirgensen,  in  whieli  **  marked 
anemia*'  disappeared  after  administration  of  purges  and  the  dLseharge 
of  immense  numbers  of  Bacterium  terrao,  and  the  rc^eent  case  of  Pase,* 
in  which  the  presence?  of  large  numberi^  of  a  long  bacillus  in  the  st<r>ob 
was  a  notable  feature,  may  be  recalled  in  this  place.  ,  Ilnntei'^s  recent 
claims  regit rding  gastro-inte^tinal  streptococcus  infection  may  also  be 
noted. — Ed.] 

The  abAoqdive  adivlfj/  of  the  htteJitine  can  be  determined  from  the 
general  ct*ndition  of  the  patient  and  the  general  composition  of  the 
stools.  The  comparatively  good  nutritive  condition  shows,  as  in  other 
anemias,  that  severe  disturliances  of  resorption  are  not  characteristic 
of  anemia  ;  in  fact,  only  disturbanceii  of  fat  absorption,  as  previously 
mentioned,  have  so  far  been  determined  with  certainty.  [Blocli " 
has  found  that  a  considerable  projiortion  (up  to  20  per  cent.)  of  the 
nitrogen  of  the  frnxl  is  passed  in  feces  unused,  because  of  insufficiency 
of  the  intestinal  glands ;  but  even  with  marketi  atmphy  of  the  mucous 
membrane  the  absorption  of  fond  may  be  go<.xl.»— Ed.] 

The  increascil  quantity  of  decom|)osition-prf>ducts  in  the  urine 
points  to  abnormal  decompositiou  of  albumin  in  the  intestine.  [Bloch' 
has  recently  investigated  the  occurrence  of  indicanuria  and  finds  this 
by  no  means  a  constant  condition.  When  present  it  is  due  to  inter- 
ference with  the  bowel  movements* — Ed.] 

On  the  |iiirt  of  ilie  perkmieum  no  conspicuous  clinical  symptoms  &Te 
apparent,  though  antemortem  a  slight  grade  of  ascites  may  be  found* 

>  Ei/orma  Med.,  189ft,  p.  10,*^.  «  Drufj^L  Arrhirf.  H»»,  M<xL,  Bd,  IxxvL 

*  DeuLtch.  Archivf.  ktin.  Med.,  Bd.  liJtviL 
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The  spleen  is  almost  always  of  normal  size  or  somewhat  smaller  than 
normal.  Slight  enlargements,  to  the  palpating  finger,  are  sometimes 
found ;  in  these  cases  (Eichhorst)  the  spleen  is  firm  and  insensitive  to 
pressure.  [In  McCrae's  series  of  40  cases/  a  palpable  spleen  was 
found  in  6  cases,  but  the  enlargement  was  never  considerable. — Ed.] 

Naturally  with  a  special  etiology  for  the  progressive  pernicious 
anemia,  for  instance,  malaria,  a  large  splenic  tumor  may  be  found 
without  the  necessity  of  making  such  a  case  an  exception.  Still,  reports 
of  cases  with  very  large  splenic  tumors  of  unknown  origin  are  not 
infrequent,  especially  in  the  older  literature.  As  long  as  these  reports 
are  not  completed  by  a  very  careful  analysis  of  the  blood,  it  is  impos- 
sible to  decide  whether  they  are  to  be  reckoned  with  progressive  anemia 
or  pseudoleukemia  or  some  other  group  of  diseases.  The  writer  has 
had  the  opportunity  several  times  of  examining  patients  with  severe 
anemia  associated  with  considerable  enlargement  of  the  spleen,  yet  on  a 
careful  blood  examination  he  has  never  obtained  the  characteristic  picture 
otj)rogressive  pernicious  anemia.  [A  case  of  typical  pernicious  anemia 
without  malarial  history  has  been  under  the  editor^s  observ^ation  in 
.several  remissions,  in  each  of  which  very  considerable  enlargement  of 
the  spleen  was  present.  In  one  of  Palmer  Howard's  cases  (quoted  by 
Osier,  Principles  and  Practice  of  Medicine)  the  spleen  weighed  1  lb. 
and  5  dr. — Ed.] 

The  liver  is  not  rarely  somewhat  increased  in  size  and  tender  on 
pressure. 

The  l3nnph-g^lands  accessible  to  clinical  examination  are  found 
no  more  enlarged  than  in  many  other  diseases.  [Pathologic  conditions 
of  the  abdominal  and  other  internal  lymph-glands  will  be  referred  to 
later. — Ed.] 

No  peculiarities  are  to  be  reported  on  the  part  of  the  sexual 
apparatus,  omitting  the  almost  regular  cessation  of  menstruation. 
Laache  observed  in  1  case  the  menses,  which  had  failed  for  some 
months,  appear  again  several  weeks  before  death. 

During  the  last  fifteen  years  attention  has  been  directed  to  the  alter- 
ations in  the  central  and  peripheral  nervous  system.  While  refer- 
ring to  the  alterations  to  be  described  in  the  anatomic  section,  the  writer 
wishes  to  mention  here  the  clinical  peculiarties  in  order  to  show  how  far 
they  correspond  with  the  anatomic  findings,  and  what  relation  they  bear 
to  the  clinical  course  of  the  disease. 

Manifold  alterations  are  observed  in  the  brain,  the  spinal  cord,  and 
the  peripheral  nerves. 

»  J(mr,  Amer.  Med,  Assoc.,  Jan.  18,  1902. 
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The  psychic  bebiivior  of  the  patient  in  c^rtinQ  severe  cases  shows 
how  the  cerebral  fiinctions  art*  drawn  into  s^yrnpathy.  Thus  we 
sometimes  find,  for  instancse,  oontmry  to  the  increased  general  irritahility 
so  f'ret|nently  seen  in  all  anemia^^^  a  stupid  iuilitrerencT  to  surround injtjs, 
to  external  impreHsions,  and  to  the  disease  itself.  The  writer  has  ob- 
served such  symptoms  in  a  case  which,  as  far  as  the  physiciil  <.H>n- 
ditiun  was  cuncerncHlj  was  still  in  a  very  early  stage  of  pernicious 
anemia.  Aecordinjtj  to  the  accounts  of  liis  relatives  he  hail  shown  until 
shortly  liefiire  not  the  slightest  abnormality  in  his  mental  behavi<ir. 
The  first  disease  symptom  which  was  remarked  was  that  the  jiLitient, 
up  to  that  time  industrious^  ceased  work  without  giving  any  explanation 
and  without  defending  himself  from  the  reproaches  made  on  ae€H>unt  of 
his  idleness.  He  bore  without  contradiction  his  transference  to  tlie 
bospitid.  Here  he  showed  himself  absolutely  without  concern  and 
without  will.  On  command  he  w*ould  jK-rform  any  little  task  in  the 
ward  or  in  the  kitchen,  but  if  left  to  himself  he  spent  the  whole  ihiy 
without  manifesting  the  slightest  interest  in  his  surroundings.  His 
memory  Um  seemed  decidedly  influenced.  In  1875  Schule  reporte<l  ^1 
cases  with  psycliosos  (melancholia,  dementia).  Durins:  life  their  pallor 
was  striking,  and  on  iw>st  mortem  lesions  corresponding  to  a  progre-siv*e 
pernicious  anemia  were  fi>nnd. 

In  certain  cutses  we  see  violent  emotional,  even  maniacal^  attacks, 
delirium,  ami  liallncinatiims.  These  outbreaks  are  usually  only  tnms- 
ifcory,  and  intermit  with  the  previously  mentionetl  apathy.  Occasionally 
we  see  a  coraatr>se  condition.  This  is  usually  a  terminal  symptom, 
thnngli  exceptionally  the  [jatient  may  aw^'ike  from  a  pronounced  eoma 
and  recover  co  ni  \)  I  e  te  1  y . 

Numerous  disturbances  of  a  somatic  nature  due  to  actual  disease  of 
the  cerebrum  have  been  observed.  A  most  inijurrtant  cerebral  symptom, 
rigidity  of  the  pu[>it,  was  described  by  Minnieh  in  one  of  the  tirst  i^sesi. 
Biermer,  II.  il idler,  Laache,  Xotine,  and  others  i'ejK>rt  cases  of  pn> 
gressive  pernicious  anemia  in  the  course  of  wiiich  transient,  slight 
pareses  of  one-half  of  the  face,  a  transitory  hemi}>legia,  paresthesias 
of  di  iff  rent  kinds,  motor  irritative  symptoms  of  one-half  the  bfxiy, 
aphasie  conditions,  symptoms  of  vertigo,  and  weakness  of  memory 
oreurre<L 

Disturbances  of  speech  are  not  nire.  For  instantn^  the  pre- 
viously mentioned  patient  manifested  a  slow,  yet  indistint-t,  stammering 
Bpeech,  noticeable  especially  in  connection  w^ith  the  well-known  diftienlt 
test-wonls.  Tliis  casi^,  however,  profhicitl  the  impression  that  there  was 
less  an  inability  to  form  the  w^oixk  than  a  weakness  of  will. 
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The  inve^stigationg  on  the  alterati<m8  of  thf  spinal  COrd  are  more 
numerotm  tliaii  si^niJiraiit,  Sincc^  Loirhtt'n.steni  id  1883  tirst  do^cribctl 
2  ca^s  mauiiestitig  tabetic  svmptfuiis,  tlie  neiirologii^ts  have  devotetl 
special  attention  to  thes^e  cimditions  so  iniport-ant  iti  the  pathologj^  of 
ppogreissive  pemieiims  anemia.  The  primary  obstTvations  on  M^hich 
the  present  eoneUisions  are  baneil  are  ihie  i*articiilarly  to  the  investi- 
gations of  Licbtheim,  Miniiieb,  Eiseiilohr,  and  Nunue*  [Bnrr^  has 
repiirted  a  series  of  eases  with  studies  of  the  lesions. — Kr>.] 

The  elinicid  symptoms  of  spinal  eliseiise  described  in  mnnection  with 
progressive  peniiciuus  anemia  are  manifold.  In  the  fir^t  plaee,  the 
general  muscular  weakness  found  in  almost  all  forms  of  anemia  may 
reach  such  a  high  grade  in  i>ernieions  anemia  that  the  limbs  appear 
almost  paralytic.  It  can  scarcely  be  doubted  that  the  disturbance  of 
movement  in  these  cases  is  n(»t  attributable  entirely  to  the  atrophy  and 
degvnemtion  of  the  muscles,  but  a  disturbance  of  innervation  must  also 
be  taken  into  eonhiilenition.  Moreover,  on  account  of  the  rarity  and 
insignificance  of  [keripbennl  nervtHis  disturbances  in  pernicious  aneniia, 
these  sy  nipt  urns  jKjint  to  a  participation  of  the  spinal  curd. 

In  a  second  group  of  cases  are  encountered  disturbances  of  sensi- 
bility and  motility  which  resemble  more  or  less  those  onlinarily  set  n  in 
tubers.  In  fact,  the  whole  cbu^sic  syniptom-complex  of  tabes  dor>alis 
may  be  present:  Alxjlishment  of  the  patellar  reflex,  rigidity  of  the 
pupil »  pronounced  ataxia,  panilysis  of  the  bladder  and  rectum,  lancin- 
ating [mins^  anesthesias  and  parestliesias.  Again,  the  disease-picture 
may  deviate  in  individual  sy nipt^inis  from  that  of  talms,  just  as  genuine 
locomotor  ataxia  itself  does  not  always  present  the  entire  syndrome 
fully  <lcvelojMxl, 

In  c^iutnist  to  the  tabetic  cases  dicrr  are  a  few  wbicb  present  the  clin- 
ical symptoms  of  spastic  spinal  j»aralysis,  exhibiting  spiustic  jmresisof  the 
extremities  and  inci>»a.scd  patellar  reflexes  (Ley den,  Eisenlnhr,  Bnisch), 

The  cases  imitating  a  pure  form  of  tal>esand  spastic  spinal  paralysis 
Dnstitute  only  the  limits  vvitbin  which  a  numU'r  of  disease-pictures 
arise  with  every  variation  of  the  clinical  spinal  symptoms.  Transitions 
are  n<»t  infrefjuently  observeil  of  such  a  nature  that  the  reflexes  pri- 
marily incresise<I,  arc  later  abolisheil,  or  tlie  reverse,  namely,  the  disap- 
pearance of  a  \Vestph;d*s  symptom  after  it  has  persisted!  for  some  time, 
and  the  return  of  a  normal  reflex  irritability  (Brasch). 

[McCVae^  ff^und  nervous  symptoms  in  27  jkt  cent,  of  his  series  of 
40  cascs^and  McPhae<Jran  "^  records  such  symptouLs  in  over  40  j>er  cent. 

^  Ufmmwify  Mei.  May.^  1895,  *  Jour.  Anter,  Med,  Am*e.^  Jan.  18,  1902. 

*lafMd,  J&R.  18,  1902. 
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of  hii  cases.  The  prevailing  type  in  McCnie's  caseH  was  some  sort  of 
mjnsoiy  disturbaiict',  t'speciuUy  in  thu  extremities,  assoeiiiteil  with  a  more 
or  less  spastic  cunditioii.  Browii,  Langdon,  und  Wolfst^in  *  rejjfjrt  1 
case  of  combined  sclerosis  of  the  Lichtheim-Putnam-Daiia  tj^pe ;  and 
Batten  *  1  of  subacute  eombioed  degeneration  uf  the  cord.  Heoiy  ^ 
reoonls  an  instance  of  extensor  pais}'  of  the  hands  and  feet  evidently 
due  to  peripheral  neuritis.  He  considers  the  possibility  of  arsenical 
neuritis  in  this  case,  but  does  not  accept  this  explanation.  The  editor 
in  oomrneuting  on  Henry's  case*  holds  a  contrary  view,  and  refers  to 
cases  of  distinct  arsenit^al  neuritis  and  pigmentation  corres|)ondiDg 
exactly  with  Henry^s  case.  It  may  be  addeii  that  tingling,  numbness, 
etc.,  are  frequent  synijitoms  in  j>ernicious  anemia  an<l  other  diseases  in 
which  large  doses  of  arsenic  are  admioistereiL  F.  Billings  ^  discusses  the 
nervous  symptoms  of  j>eroicious  anemia.  Of  the  41  cases  recently 
nnder  his  observation,  |>aresthe>ia  occurred  in  40,  In  27  cases  there 
were  subjective  <iisturbances  only.  In  11  cases  there  was  a  spastic  and 
usually  also  an  ataxic  condition  which  ste^ulily  incri'asecL  In  3  eases 
flaccid  paraplegia  with  loSvS  of  knee-jerk  and  of  contnjl  of  the  bladder 
and  riH>tum  eventually  develoj^KK  Girdle  sensjition  was  present  in  all 
of  the  cases  that  develoiHxl  spasticity.  Billings  believes  that  it  is  prob- 
able that  these  changes  are  produced  by  a  toxin  which  tends  in  one  case 
to  pro<luce  hemolysisj  in  another  case  <legenenition  and  sclerosis  of  tissue, 
while  in  the  third  case  it  causes  both  kinds  of  chang*\  This  toxin  is 
ra*->st  i>robal)ly  gastro-intestinal  in  origin.  He  does  not  Ix'licve  there  is 
any  essential  difference  between  the  spinal  sclerosis  of  {KTnicious  anemia 
and  that  which  occurs  independently.— Ed,] 

No  symptoms  of  importance  are  to  be  descril>ed  in  connection  with 
the  peripheral  nerves.  As  results  of  the  defective  circulation,  possibly 
also  of  the  alterations  in  the  spinal  cord,  may  be  mentioned  pares- 
thesias, like  formication  and  rheunii*tie  pains,  (larticularly  in  the  lower 
extremities.  One  of  the  writer's  patients  manifesttxl  for  yeai's  severe 
migraine  attacks,  which  ccastnl  about  the  time  when  tlie  progressive 
peniicions  anemia  began. 

There  is  a  marked  inconforniity  between  the  anatomic  alterations  of 
the  nervous  system  {deseribetl  under  their  proper  head)  and  the  clinical 
symptoms.  On  section  evident  lesions  may  be  found  in  the  spinal  cord 
w^ithout  clinical  symptoms  during  life  (Nonne) ;  and  reversely  severe 
functional  disturbances  may  attract  the  attention  of  the  clinician  without 

1  Jmr.  Jmer.  Mfd.  A»soe.,  Marth  2,  190L  •  Latwfi,  Jan.  lf>,  1W)1. 

*  Am^,  Jour,  Med.  ScL,  Aug.,  1900.  •  Chicaifo  Med.  B^eorda,  Jan.,  1A>03. 

*  Phj^esriiw  Med.,  June,  1900. 
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the  pathologist  being  able  to  discover  an  anatomic  foundation  (Goebel). 
It  is  to  be  assumed  that  on  a  further  perfection  of  the  methods  the 
negative  findings  in  the  latter  case  will  be  narrowed  down. 

Both  the  functional  and  structural  alterations  in  the  central  nervous 
system  are  characterized  by  the  &ct  that  they  rapidly  develop  from 
small  beginnings^  and  in  comparison  with  ordinary  tabes  quickly  prove 
fatal.  The  majority  of  cases  run  their  course  in  six  to  twelve  months, 
though,  according  to  Dana,  a  duration  of  as  much  as  three  years  some- 
times occurs. 

These  are,  in  brief,  the  observations  made  by  neurologists  on  the 
subject  in  hand.  What  conclusions  can  the  student  of  anemia  draw 
from  these  observations  ? 

We  must  notice  first  that  there  is  no  regular  correspondence 
between  the  clinical  spinal  symptoms  and  the  anatomic  spinal  lesions, 
or  between  the  latter  and  the  anemia.  On  the  one  hand,  we  may 
observe  a  large  number  of  cases  of  pernicious  anemia  for  months 
without  encountering  any  indication  of  a  spinal  disease  even  on  careful 
examination ;  on  the  other  hand,  there  are  relatively  mild  cases  of 
anemia  in  which  cerebral  and  spinal  symptoms  are  evidently  pronounced 
(Leyden).  In  one  group  of  cases  (Leichtenstern)  the  spinal  disease  is 
observed  first,  the  pernicious  anemia  becoming  manifest  later ;  in  another, 
the  anemic  and  nervous  symptoms  break  out  simultaneously ;  and  finally, 
the  latter  may  become  apparent  only  after  the  anemia  has  existed  some 
time  (M innich).  From  this  irregular  behavior  the  important  conclusion 
suggested  by  the  early  writers  (Nonne)  seems  evident,  namely,  that  the 
spinal  disease  is  not  a  result  of  the  anemia  any  more  than  this  is  secon- 
dary to  it,  but  that  both  are  coc')rdinate  symptoms  of  the  same  process. 
This  assumption  is  supported  by  2  cases  of  bothriocephalus  anemia 
reported  by  Lichtheim  and  Minnich,  in  which  tabetic  symptoms  were 
observed  during  life  and  extensive  degeneration  of  the  posterior  columns 
of  the  spinal  cord  were  found  post  mortem.  The  toxic  substances  on 
which,  according  to  our  assumption  (p.  235),  the  anemic  action  of  the 
worm  depends,  apparently  produced  the  spinal  disease  also.  A  similar 
assumption  must  be  made  in  the  cases  of  pernicious  anemia  in  which 
the  etiology  is  obscure.  Therefore,  since  we  have  every  ground  for 
attributing  the  origin  of  pernicious  anemia  to  toxic  causes,  and  since 
the  alterations  described  in  the  spinal  cord  are  not  specific  to  severe 
anemias,  but  show  a  close  similarity  with  those  occurring  in  a  large 
number  of  cachectic  and  toxic  conditions  (Redlich,  Dana),  we  can  assume 
an  intoxication  of  unknown  origin  and  unknown  nature  as  the  cause  of 
both  the  anemia  and  the  spinal  disease. 
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A  marked  similarity  l>etween  tho  two  ^'onditions  Is  8lio\rn  by  the 
fact  that  each  manifests  a  particular  tendency  to  reuiissions  which  are 
entirely  indefK3ndeiit  of  ooe  another.  Thus,  Noiine  reports  a  case  in 
which  the  sluggish  pupillary  reaction  became  normal,  the  aholisheti 
patellar  reflexes  returned,  the  occasional  distil rbanees  of  the  bladder 
function  and  the  ataxia  retrogrcissed  while  the  symptoms  of  the  anemia 
advanced  progressively  to  death.  Reversely  in  1  case  of  Eisenlohr's 
the  anemia  disapjK^ared  completely  wnthio  several  months  after  the 
removal  of  a  Tenia  malioeanellata,  while  the  spinal  disease  showcil  no 
iiii{>rovement,  B<jwraanii,  however,  re{>orts  a  case  with  a  pronounced 
correspondenee  between  the  two  symptom-groups.  In  this  case,  after 
the  anemia  had  existed  about  three  years  and  the  spinal  disease  ap|>ar- 
ently  about  nine  months,  a  siraultanenus  improvement  of  both  set  in 
under  arsenic  treatment  and  continued  for  more  than  six  months*  The 
relapse  which  txrcurred  after  a  short  time  affected  in  the  same  way  the 
blood-tissue  and  the  spina!  cord* 

Still,  whether  tlie  disappearance  of  the  spinal  symptoms  is  to  be 
referred  to  an  actual  retrogression  of  the  anatomic  lesions  in  the  spinal 
cord,  is  donbtfnl,  Brasclrs  observation,  at  least,  is  against  it.  In 
this  the  return  of  the  patellar  reflex  was  attnbntable  to  new"  processes 
ill  the  pyramidal  tracts,  which  were  added  to  the  previous  degenerations 
in  the  posterior  columns.  That  the  improvement  of  the  general  condi- 
tion may  affect  tlie  spinal  symptoms  favorably  is  narural,  since  there 
is  a  period  at  which  the  nerve- libers  are  incapal>le  of  function  w^ithont 
being  entirely  destroyed.  If  now*  favorable  nutritive  etmditions  arise, 
the  fibers  may  recover  their  full  functional  capability.  In  sjM^cial  ciises, 
therefore,  we  can  conceive  that  a  retrogression  in  the  clinical  spinal 
symptoms  is  attributable  to  the  improvement  in  tlie  anemia. 

Among  the  alterations  encountered  in  tlie  organs  of  special 
sens€,  those  of  the  eifr  are  of  the  greatest  iin|M>rtanct\  Subjective 
<!isturbances,  such  Jis  flashes  of  light  and  dimness  of  vision,  about  wliich 
patients  frequently  complain,  are  seen  in  the  early  stages  of  the  disc^ase 
at  a  time  when  objective  alterations  in  the  eye  can  not  be  demonstmted* 
We  may  likewise  mention  again  the  pretty  frequent  occun"enee  of  a 
more  or  less  marke<l  edema  of  the  under  eyelids. 

As  associated  symptoms  of  the  genenil  inclination  to  hemorrhage 
we  find  occasionally  ctFiisions  into  the  conjunctiva  bulbi  palpi'bmrum, 
though  by  far  the  most  interesting  liemorrhag(.»s  arc  those  of  the  retina. 
These  were  so  thoroughly  investigateil  by  Horner  that,  acconling  to 
H.  Midler,  further  observations  have  added  nothing  new\  **TI»e  o|>h- 
thalmoseopic  picture  is  characterized  by  an  cxtrcEne  pallor  of  the  optic 
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papilla  and  thr  whole  posterior  eyegroundj  by  marked  tortuoii.s!iess  and 
dilatation  of  the  veins,  by  ]>allor  of  the  bloml  in  the  ve^.^els,  and  by  apo- 
plexies. These  liist  usually  he  near  the  ves^sels,  are  of  round  irregular  or 
liDear  shape,  and  arc  distributed  in  small  or  larger  numbers  throughout 
the  entire  cire  urn  papillary  region »  Thc^y  are  sometimes  rjuite  small,  punc- 
tate, again  somewhat  larger,  and  in  individual  c^ses  reach  even  the  size 
of  the  papilla.  The  number  of  hemorrhages,  while  at  first  small,  fre- 
quently mcreases  toward  the  end  of  life,  the  rest  of  the  posterior  eye- 
ground,  esj>eeially  the  papilla,  bei-oming  aintinually  paler,  eventually 
even  white.  The  amount  of  extmvasated  blood  is  onlinarily  slight ; 
the  areud  of  extravasation  are  thin  and  frequently  show  transparent 
margins.  On  the  pale  rose- red  [M>sterif>r  eyeground  we  occasionally  see 
art3is  from  which  the  bkuxl  has  been  absorl»iilj  though  this  is  relatively 
rare.  When  the  eye  is  examined  early,  no  apoplexy  is  found,  though 
the  posterior  eyeground  is  even  then  striking  on  account  of  its  intense 
pallor  and  the  marke<l  tortuosity  of  the  vessels.  Reversely  in  eases 
which  recover  we  can  se<^  on  repc^attHl  ophthalmoscopic  examination  how 
all  the  hemorrhages  are  gradually  resorbed,  how  the  vessels  return  to 
their  normal  size  and  straightness,  and  the  deep  pallor  of  the  papilla 
gradually  gives  way  to  it«  norma!  rosy  tint.'* 

Nothing  of  importance  e:m  be  addtd  fmm  the  later  literature  to  this 
description  of  Horaer^s.  The  opinion  of  ophthalmologists  is  divided 
only  in  r«^rd  to  the  white  tenter  of  the  extra\'asatej  which  Horner 
regards  as  a  focus  of  al)S(jrption  (eompare  the  section  on  Pathology). 

An  absolutely  isolate<i  observation,  unfortunately  not  confirmed  by 
a  post  mortem,  comes  from  IL  Midler,  in  regard  to  the  development 
of  exophthalmos  during  the  disease. 

Wilde  i*etioul  hemorrhages  occur  almost  unexceptionally  in  all  cases 
of  progressive  pernicious  anemia  (Ltiache  described  a  negative  case 
(C^se  3)  eight  tiays  ante  mortem ),  coarse  demngements  of  vision  at^eord- 
ing  to  all  authorities  are  extremely  rare.  From  his  large  amount  of 
material  H.  Muller  gives  one  interesting  example  :  A  patient  (a  female) 
liecame  suddenly  blind  in  the  left  eye;  ophtlialmoseopically  enormous 
heraorrhapx'^  in  the  form  of  thick  plaques  were  found  in  the  retina, 
especially  in  the  region  of  the  nusetila. 

I^De  Schweinitz'  in  a  study  of  the  histology  of  the  eye  in  pernicious 
anemia  states  the  following  conclusions  :  **  In  summary  I  may  kiv  that 
the  histologic  changes  found  in  this  case  were  :  (a)  liemorrhages  in  the 
various  strata  of  the  retina,  but  most  marktxl  in  tlie  nerv^e-fiber  layer; 
(6)  varicose  hypertmphy  of  tlie  fibers  of  the  nerve-fiber  layer,  existing 
1  Tmm,  Afncr,  Opfuhai.  Soci^tjf,  1890. 
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either  as  an  isolated  It^iun  or  sometimes  gatheretl  io  a  conglomerate 
mam;  and  (>■)  exquisite  etlema  of  the  retina,  eHjMx-ially  in  its  j>eripb€n% 
an  edema  ljeii:iniHng  in  the  outer  rt^ticular  layer  and  gradually  involving 
the  outer  granular  layer,  until  the  spaee  bet^i^een  the  internal  nuclear 
layer  antl  the  outer  limiting  membrane  becomes  riddled  with  a  series 
of  oval  eavitie.s. 

'*  These  mieroi^copic  findings  correspond  closely  with  the  ophthalmo- 
soopic  picture:  (a)  flame-sliaped  and  irregular  hemorrhages  in  the 
neigh borh<K>d  of  the  piipilla  ;  (h)  hemorrhagic  areas  containing  a  yellow- 
ish center,  or  isolat(^l  yellowish-white  spots  which  pr<>l)ul>ly  correspond 
to  the  hypertrophied  and  degenerated  nerve-fibers  which  have  been 
dcscribe<J  ;  and  (c)  a  cloud-like  edema,  which  w:us  most  marked  in  the 
retinal  periphery." 

Uhthoff  ^  had  described  certain  colloid  bwlies  in  tbc  intranuclear 
layer,  and  Manz'^  found  round  cells  enclosed  in  a  capsule,  which  he 
believed  to  be  a  dllatal  capillary.  I>e  iSeliweinitz  could  not  find  either 
of  these  formations.  Natanson '  examined  the  eyes  in  3  cases  of  para- 
sitic pernicious  anemia  and  found  the  same  microscopic  and  ophthal- 
moscopic conditions  as  have  been  discovered  in  other  forms  of  pernicious 
aneniia.— Ed.] 

Eichhorst  re{>orts  several  observations  on  disturbances  of  hearing. 
Apart  from  the  ringing  in  the  ears  common  to  all  anemias,  we  may 
find,  especially  towanl  the  end  of  life,  a  e<tmplete  loss  of  this  sense. 

Among  5  cases  that  ended  fatally,  Eichhorst  found  only  1  in  which 
bearing  remained  intact.  In  several  of  his  patients  the  deafness  was 
transitt»ry,  and  in  1  it  was  restored  after  a  transfusion  of  blood. 

Tlie  writers  must  likewise  draw  on  Eiebhorst  in  regard  to  the  disturb- 
ances of  smclL  Eichhorst  observeil  a  considenible  loss  of  smell  in  asso- 
ciation with  deafness  shortly  before  the  end.  A  further  modification 
was  addetl  in  a  marked  decrease  of  the  sense  of  taste.  In  this  case  one 
certainly  has  to  *Io  with  an  exception  ;  at  least  Schauman  n'ports  that 
in  his  large  amount  of  material  he  never  saw  a  single  anomaly  of  smell 
or  taste. 


PATHOLOGIC  ANATOMY. 

In  cadavers  of  persons  that  have  succumbed  in  the  natural  course 
of  an  uncomplicated  progressive  pernicious  anemia  the  pallor  of  the 
Bkin  is  so  chami'f eristic  in  int<iisity  and  v<r\nv  that,  ns  in  a  living  euh- 
ject,  a  proper  diagnosis  may  be  made  at  a  glance. 

■  Klin.  MmutM,/,  Atiirenheilkundt^  1880.  '  OentralhLf.  die  if«d.  Wim,,  1875. 

*  Kagel'B  Jahreebtrkht  dcr  Opkhai.,  xxv^  1805i 
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We  can  occasionally,  and  according  to  Ponfick  frequently,  make  a 
diagnosis  from  the  presence  of  icterus,  edema,  and  the  almost  unexcep- 
tionally  good  preservation  of  the  subcutaneous  fat. 

A  sign  and  a  result  of  the  emptiness  of  the  vessels  is  the  frequent 
complete  absence  of  postmortem  lividity  (H.  MuUer). 

Among  the  general  postmortem  symptoms  we  have  the  intense 
anemia  of  all  the  internal  organs  and  the  widespread  hemorrhages. 
These  are  very  evident  in  the  skin  and  mucous  membranes  provided 
they  occur  shortly  before  death.  Hemorrhages  are  likewise  found  to  a 
greater  or  less  extent  on  the  serous  membranes  of  the  three  body  cavi- 
ties, though  most  frequently  on  the  meninges. 

The  abnormal  amount  of  iron,  "  siderosis,"  in  the  internal  organs 
observed  by  Grohe  and  later  by  Rosenstein,  Quincke  [Peter,  Scott], 
and  many  others,  and  missed  in  but  few  cases,  stands  in  a  certain  though 
not  very  clear  connection  with  the  hemorrhages.  Still,  according  to 
frequent  postmortem  reports,  the  same  organs  that  show  an  unusual 
excess  of  iron  in  one  case  may  in  another  parallel  case  contain  only  the 
smallest  normal  amount.  The  objection  raised  especially  at  the  begin- 
ning of  the  studies  on  this  subject,  that  the  increased  iron  content  of 
the  organs  was  not  the  result  of  the  diseased  process,  but  of  the  thera- 
peutic administration  of  the  metal,  is  controverted  by  animal  experiments 
(Quincke),  and  especially  by  the  fact  that  this  abnormality  is  no  less  fre- 
quent since  iron  has  been  practically  done  away  with  in  the  treatment  of 
pernicious  anemia. 

We  find  an  abnormal  increase  of  iron  primarily  in  the  organs  which 
make  and  destroy  the  blood-elements,  and  which  show  physiologically 
a  considerable  amount  of  iron,  namely,  the  spleen,  the  bone-marrow, 
the  lymph-glands,  and  most  especially  the  liver.  Moreover,  iron  is 
observed  in  situations  where  it  is  normally  lacking,  as  the  glandular 
cells  of  the  kidney  and  the  pancreas. 

The  difference  between  the  amount  of  iron  found  physiologically 
and  in  progressive  j)ernicious  anemia  is,  according  to  Quincke's  statis- 
tics (compare  "  iron  therapy  "),  most  evident  in  the  liver.  Under  normal 
conditions  100  gm.  of  dried  liver  substance  contains  81.6  mg.,  while 
cases  of  progressive  pernicious  anemia  showed  an  increase  to  1900  mg. 
(Stuhlen).  Microscopic  examination  demonstrated  that  the  increased 
accumulation  of  iron  was  manifest  in  fine  granules  deposited  in  both  the 
liver-cells  and  the  capillaries  in  the  peripheral  parts  of  the  liver-lobules. 
[Hunter  states  that  the  average  amount  of  iron  found  in  the  liver  in 
pernicious  anemia  by  various  observers  was  0.7  per  cent.,  while  the 
amount  found  in  other  diseases  was  from  0.078   to  0.12  per  cent 
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Ill  a  recent  paper  Hunter'  lias  comparwl  the  findings  in  7  antopsics 
in  pernknous  anoinia  with  thase  of  7  casus  of  secondary  aneaiia  due  to 
i*epsi.s,  carcinoma,  and  other  dii*eusas.  The  average  percentage  of  iron  la 
the  liver  and  kidneys  was  0,360  in  pernicious  anemia  ns  compared  M^th 
0.079  in  other  conditions  ;  and  in  the  spleen  0.125  in  jiernieious  anemia 
as  compared  with  0.362  in  other  conditions.  J.  A.  Scott  examined  ior 
Osier  {Prindj^es  and  Praefiee  of  3Iedicme)  the  livers  in  45  cases  of 
diseaseii  other  than  pernicious  anemia,  and  consistently  failed  to  find 
the  iron  deposits  chanieteristic  of  the  latter  disease, — Ed,] 

The  mtisculatlire  of  the  trunk  ami  the  extremities  shows,  accord- 
ing to  Eichliorst,  like  all  other  organs,  a  nuirked  pallor,  while  H. 
MuUer  expressly  notes  its  "^o<l  color"  in  cimtrast  to  the  pallor  of 
other  org-ans.  A  reverse  contradiction  exist.s  between  the  microscopic 
observations  of  these  two  ant bori ties,  Eichhorst  finding  the  maoroeoDp- 
ieally  very  pale  musculature  almost  entirely  nortnal  in  structure,  while 
Miiller  found  in  tlae  muscles  <if  go<id  color  a  pronounced  fatty  degener- 
ation of  the  fil>rilke.  This  degenemtion  was  must  market!  in  the  moscle- 
fibers  of  the  tliaphras^m  and  of  the  intercosttd  muscles,  in  which  the 
cross-striations  were  almost  entirely  obliterated. 

Though  Eichhorst,  following  a  conception  of  Traulje's,  claims  that 
when  fatty  degeneration  occurs  it  is  most  marked  in  those  muscles  which 
display  a  vitally  necessary  unc^easing  activity — L  e,^  in  the  diaphragm 
and  the  intercostal  muscles — E.  Frankel  describes  a  case  in  which  the 
general  musculature  was  normal,  while  tlie  (xnilar  moscles  and  the  heart 
manifesti^tl  advanced  fatty  degeneration.  In  appearance  they  were  clay 
colorcil,  their  eross-striations  were  almost  absent,  and  fat  and  pigment 
were  reiidily  perceived  in  and  between  the  primitive  bundles.  Though 
the  functions  of  the  ocular  muscles  are  not  a  requirement  tor  the  con- 
tinuance of  the  vital  processes,  it  can  not  be  doubted  that  even  in  con- 
ditions of  extreme  weakness,  when  the  jxitient  av^oids  every  movement 
of  the  voluntary  muscles,  relatively  a  great  demaml  is  made  u[>on  them. 

The  deposition  of  pigment,  which  has  been  mentioned,  between  the 
bunilles  of  mnsele-fibers  usually  represents  the  remains  of  old  hemor- 
rhages. Retreat  hemorrhages  are  likewise  sometimes  encountered 
(Strieker  and  others). 

A  very  prominent  place  is  occupied  by  the  anatomic  changes  in  the 
heart.  Brief  uieution  may  be  made  of  the  fact  that  the  fat  infiltration 
is  retained,  ami  that  in  the  ]>ericardinm,  in  the  muscle,  and  in  the  endo- 
cardium extravasations  of  blfKKl  are  found  as  in  other  organs.  Sino© 
the  beginning  of  the  inv^estigations  on  progressive  iiernicious  anemia, 
'  Lancelf  Jao,  31  et  «€q.,  1W3. 
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the  great<>st  interest  hns  lieen  amiis^etl  by  the  fofi^  degeiieraiifm  of  the 
mifm*ardiunu  We  owe  to  Poiifi(.^k  tlie  fundamental  anatomic  inve.stiga- 
tions,  bat  tlieise  have  been  completed  by  later  scarcely  Ici^s  important 

fOtl€B. 

Oo  section^  the  mnsculatiire  of  the  heart  shows  all  grades  of  pallor 
between  a  psile  brow  nisli-red  and  a  clay  color.  Since  all  these  grades 
of  color  are  found  in  the  same  heart,  and  the  clearer  areas  in  the 
form  of  flakes  or  lines  appear  to  have  pushed  their  way  into  the  less 
de^^olorizcd  large  mass  of  muscle,  the  orgjin  exhibits  a  very  chamcter- 
istic  apjjeaninee*  The  chiai*er  the  areas  the  mure  intense  is  the  fatty 
degeneration  micniscopically,  Moreoverj  when  very  marked,  though 
the  fibrillary  arrangement  may  be  rec<»gnizal)le,  the  cross-st nations  and 
muscle- nuclei  disappear;  in  place  of  tlie  latter  we  find  very  fine  fat- 
drops  arrangeil  like  pearls  on  a  necklace.  In  the  raaeroscojncally 
I  daarker  ar^8  the  muscular  structure  is  better  preserved,  and  the  cross- 
striation  is  still  apparent  even  though  slight  clouding  may  be  noticeable. 
I.^dateil  portions  may  bt>  completely  normal. 

The  distribution  in  the  different  stages  of  d^^nenition  manifests  a 
remarkable  regularity.  The  fatty  degeneration  is  more  marked  iu  the 
pipillary  muscles  of  the  left  heart  than  of  the  right,  than  in  the  wa!l9 
of  the  left  and  right  ventricle,  and  the  trabecuhe  of  tlie  left  and  right 
auricle. 

This  degeneration  of  the  heart  is  found  in  almost  every  cane  of  pro- 
gressive pernicious  anemia,  so  that  since  Bicrmcr's  time  it  has  be*en 
considered  one  of  the  cardinal  symptoms  in  the  general  picture.  Still, 
isolated  observations  must  be  mentioned  in  which  it  was  absent, 
Although  from  the  clinical  course  and  the  genemi  anatomic  findings 
there  could  he  no  hesitiiucy  in  retaining  the  diagnosis  of  ijrogressive 
peroicious  anemia.  Such  cases  lia\'e  been  reported  by  Litten,  H. 
MuUer,  and  later  by  Strieker,  Quincke,  and  Laache. 

Fatty  degeneration  of  the  heart,  therefore,  can  not  be  regardeil  as 
absolutely  constant.  Moreover,  it  mu.^t  be  remembered  that  similar 
altemtious  occur  in  other  anemic  conditions,  for  insbinee,  the  acute 
past  hemorrhagic- 

The  heart  is  usually  of  normal  size  or  a  little  smaller  than  normal, 
laometimes  the  right  ventricle  is  found  somewhat  dilated  ;  slight  hyj^er- 
trophy  of  both  ventricular  walls  has  liccn  mentiomxl  liy  Eichhorst. 

Corresponding  to  the  fatty  dcgcnemtion  the  consistence  of  the  nuisele 
IS  less  than  normal. 

The  valre»  are  normal.  Even  in  cases  in  which  a  diastolic  murmur 
was  beard  the  valves  were  found  intact  (Biermer),  a  pnx>f  of  the  fact 
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that  a  diastolic  iimrmur  umy  alstj  be  accidentaL  The  mitral  insiiflS- 
cieney  rejK>rt€d  in  one  case  by  Schaiimati  must  be  coo-sideretl  a  c^>inci- 
dent*.  Mention  may  also  be  made  of  an  anomaly  of  the  mitral  valve 
fonnd  ill  1  case  by  Matterstc^ck,  io  which  the  tips  of  the  leaflet  were 
found  }>ooii*l  tfigctlier.  In  this  rjLse  the  diastolic  nnirmur  heanl  during 
life  was  undoubtedly  due  to  this  anat<tmie  abnormality, 

Acc5ording  to  the  unanimous  rejxirts  of  all  postmortem  protocols, 
the  larger  ves^h  manifest  no  typic  alterations.  The  small  arterie^i  and 
capillaries,  on  the  c^jntrary,  esjMK^ially  tliose  of  the  brain,  frequently 
show  fatty  degeneration,  and  to  this  must  lye  attriliuted  the  rx^casional 
extensive  apoplexies.  Smaller  hemorrhages  may  fH^eor  without  perci»p- 
tible  fatty  degeneratitni  of  the  vessels.  For  these  cases  we  assume 
with  Cohnheim  that  the  deterii>nited  bliMid  prfMhiees  alterations  of  the 
veAseUwalls  which  we  are  unable  to  j>eroeive  by  the  aid  of  our  present 
melhfxls. 

The  kidneys  are  extremely  pale,  Imt  otherwise  present  no  marro- 
seopte  abnorniality  ;  the  capsule  is  easily  stripped,  the  sujjerfieial  surtace 
IS  smooth.  In  the  case«  described  by  Fr.  Mil  Her  in  which  he  is  incUnerl 
to  assume  a  eoimeetion  between  progressive  pernicious  anemia  and 
syphilis,  deep  eiciitriees  characteristic  for  the  syiihilis  were  foun*!  on  the 
surfiice.  Microscopically  we  sf^metimes  see  (Ponfiek,  Eichhorst)  fatty 
degeneration  of  the  destpiamated  e|)itheltum  and  a  marktH:l  de|K>sitioa 
of  iron  in  gmnules.  In  a  ea.se  reported  by  Krebs  the  desquamated 
epithelium  of  the  kidney  sis  well  as  that  of  the  liver  and  intestinal  villi 
showed  amyloid  degeneration. 

In  the  remaining  portion  of  the  urogenital  apparatus  we  findj  apart 
from  hemorrhages,  no  altemtions  worthy  of  note. 

In  regard  to  the  respiratory  apparatus,  which  also  plays  a  very 
insignificant  clinical  r^Me,  mention  must  be  made  of  rare  hemorrhages 
into  the  pareuehyma  of  the  bmgs  (Sehinnann)  and  more  frequnt  ones 
on  the  pleura.  An  observation  of  Eichhorst's  is  in  place,  since  the 
finding  of  the  condition  might  readily  give  rise  to  diagnostic  difficulties, 
namely,  he  found  the  fluid  of  a  hydrothorax  three  times  evidently 
sangninolent,  and  once  evidently  ieterie. 

Tile  pathologists  have  lately  pai*!  especial  attention  to  the  digestive 
tract,  and  to  tl}is  we  owe  a  considerable  projvortion  of  our  knowledge 
in  regard  to  the  etiology  and  patbogeut^is  of  the  disease. 

In  the  first  place,  we  find,  besides  a  markr<l  jxillor,  t^ehy monies 
throughout  the  whole  tract,  (iuincke  described  in  1  case  a  marked 
edema  of  the  gastric  m  net  his  mem  lira  ne, 

Ponfiek  was  the  first  (1873)  to  call  attention  to  the  alterations,  par- 
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ticularly  the  fatt^'  tlegenemtioii  of  the  r/astrie  gfftmh  id  severe  anemms. 
In  his  di*4sertatiun,  imbli.shetl  in  187.j,  iS^^liumaim  dcserihed  a  eane  of 
progressive  [»ernicious  anemia  in  which  the  ga>5tric  mucous  tnenibrane 
was  almost  completely  tienuded  of  its  epithelium  jin*]  the  ga;?trie  glands 
were  p»orly  develnpetl  and  iiisignitit^nt  in  nnoiher.  In  addition, 
numerous  small  hemorrhages,  au  overgrowth  of  c*i>nnective  tissue,  and 
fiorae  fatty  degeneration  of  the  muscniaris  and  of  the  blotxl- vessels  were 
found.  This  ease  is  an  illustration  of  the  alterations  to  wliieh  later  in- 
vestigators have  devoted  so  much  attention.  Moreover^  Quincke's 
observation  must  nut  be  omitted,  which  though  it  was  pnl>lished  first  in 
1 8T*>,  came  from  a  postmortem  pnitocol  (Case  6)  of  Fclmiary,  1875. 
In  this  be  descriljes  a  very  thin,  piide  gastric  mucous  membrane  ex- 
tremely poor  in  glands.  Quincke  then  attributed  the  origin  of  the 
progressive  i>emicious  anemia  in  this  case  to  these  atrophic  alterations. 
[H<'nr>'  and  Osier  described  an  auahjg^His  ciise.— -<Ed.]  A  large 
nt4ml>er  of  isolateil  observations  folhnved  Quincke's  rej>nrt,  and  sup- 
plemented it  by  finding  similar  alterations  in  tlie  intestine.  Recently, 
Ewald,  Martins,  and  KcK!h  have  studied  and  de.^crilxHl  these  conditions. 

In  the  i^everest  cuses  the  mucous  meml»raue  is  smooth,  shows  almost 
no  valvulae  oonuiveutes,  and  is  considerably  rctlncKl  in  thickness.  In 
1  ea^  of  Martins'  it  was  on  an  average  scarcely  1  nun.  This  marked 
thinning  may  be  reeognisced  macroscopically  in  the  suhmucosa  and  the 
mnscularis.  This  condition  may  be  found  in  all  sections  of  the  intestine 
from  the  duodeuura  to  tbe  colon. 

The  micrascopic  examination  shows  a  marked  overgrowth  of  the 
interglandular  tis^^nc  in  tbe  nuicous  membrane  of  the  stomach  and 
intestine,  which  in  the  earlier  stages  is  characterized  by  its  riclmess  in 
round  oella^  while  in  the  later  stages  it  is  ver}'  poor  in  cells  and  is  fibrous. 
The  more  advanctMl  the  growth  of  this  tissue,  the  more*  tbe  glandular 
portion  is  compressctl ;  although  in  moderately  severe  cases  nuniemus 
isolate*!  glands  or  their  remains  may  be  found,  especially  in  the  dee]»er 
layern  of  the  mucosa,  in  tbe  very  severe  the  proc?es8  leads  to  a  complete 
disappeamnce  of  tbe  glandular  portion.  Small  depressions  in  the  cfiu- 
nective  tissue  containing  a  finely  grjmular  detritus  and  Ci>rresiKjnding  to 
the  previous  excretory  duct  are  left  to  indir^te  the  former  structure 
(Martins). 

[H.  Strauss  *  opposes  the  view  that  tbere  is  a  relation  betwei^n  ]>er- 
nicioiis  anemia  and  disease  cif  the  gastro- intestinal  tract.     His  studies 
in  10  cases  showed  a  richness  of  the  mucous  membrane  of  tlie  gastro*1 
intestinal  tract  in  lymphucyte^s,  but  practically  no  e^'itlence  of  disease! 
*  BerliH.  klin.  Wt>€h(^fUichr.f  August  25  and  Sept.  I,  1902, 
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of  the  .storiiac'h  or  iiierease  in  the  connective  tissue.  The  lyinphocytie 
accumuhitioii  is  imt  a  sjKrial  change  in  the  t>toinach,  hnt  a  part  ij(  a 
general  involvement  of  the  lymphoid  tismies  analogous  to  the  changes 
found  in  the  bone-marrow.— En,] 

Since  the  writers?;  must  refniin  from  going  Uk)  clei'piy  into  detail,  they 
will  mention  only  two  otlter  interei^ting  lindings  which  were  observeil 
in  the  atnuphic  nmctnis  menibmne  of  the  stomach,  l)ut  not  in  the  in- 
testine. Lnl>arsch  found  in  the  interstitial  tissue  of  all  liis  eases 
numerous  eosinophile  cells^  an  observation  which  ix^t^lls  Hanmierschlag's 
in  gastric  cancer.  Further,  Lubarsch  and  Koch  found  in  the  inter- 
glandular  tissue  roundish  sometimes  roughly  irregular  iKKlies  varying  in 
size  from  an  eosinophile  granule  to  double  that  of  an  epitbeliul  cell. 
With  high  powers  it  oouhl  be  seen  that  the  larger  bt*tlies  were  not 
homogenous,  but  were  made  up  of  a  number  of  smaller  elements.  On 
staining  with  Ritindi^s  fluid  they  took  the  acid  fuchsin.  KcK-h  regards 
them  as  coagulated  retl  blood-corpuscies,  Lubarsch  as  acidophile  granules 
which  have  run  together  in  smaller  and  lai^r  clumps.  Both  autht*rities 
agree  that  they  are  patliognomonic  of  the  atrophy  of  the  mucous  mem- 
brane on  account  of  their  regular  occurrence.  The  **  hyaline  bodies** 
described  by  Siisaki  are  apparently  idcntictd  with  them. 

Moreover,  not  only  the  mucosa,  but  also  the  other  layers  and  com* 
poncnts  of  the  stomach  and  intestinal  W'LiIIs  may  be  atFected  by  degen- 
erative processes.  Jiirgens  first  called  attention  to  a  progressive  de- 
generation of  the  motor  nerve-elements  of  the  intestine  and  of  the 
geneml  musculature.  Sasaki  confirmed  this  finding,  and  Blascko 
descnlx!d  a  case  wn'th  extreme  degenemtion  of  both  Auerbach's  and 
Meissuer's  plexus.  A  consi<lerable  diminution  in  thickness  of  the 
intestinal  muscularis  is  rt^rognimble  in  such  cases,  even  macroscopically. 
These  findings  made  a  basis  for  the  theory  that  in  certain  crises  of  pn^- 
gressive  pernicious  anemia  the  primary  t^use  is  the  destruction  of  the 
nervous  elements  of  the  intestine  which  necessarily  leads  to  marketl 
functional  disturbances,  and  these  in  turn  to  severe  anemia.  The  ob- 
servation made  by  Sasaki,  however,  opposes  the  primary  nature  of  the 
nerve  degeneration  ;  that  is,  in  a  case  in  which  the  lesions  in  the  in- 
testine were  more  insular,  the  changes  in  the  nervej?  did  not  correepond 
with  them. 

This  degeneration  of  the  gastro-intestinal  wall,  for  which  Jiirgens 
proposed  the  name  **atniphia  gastro-intestinalis  progressiva,'*  and  for  the 
terminal  stages  of  which  Ew aid's  designation  "anadenia**  is  appropriate, 
is  in  no  way  s[>ecific  of  progressive  i>ernicifms  anemia^  since  it  is  wanting 
in  numerous  cases.     How  large  a  percentage  of  all  cases  show  these 
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gostro-iDtestinal  alterations  is  yet  uo known,  though  they  are  apparently 
found  ill  a  pre|HMHlerating  luajurity. 

Od  the  oiher  hand,  marked  atrophy  of  the  stoniaeh  ainl  intestine 
has  been  not  infrequently  de.scrilxMl  in  cnndition^  which  were  abso- 
lutely diffen^ntiiited  from  progre.ssi%'e  perniciuiis  anemia.  For  instance, 
Fenwick  dt^serilxHl  it  in  mii^jeruus  ca?<'s  r*i*  manunary  earcimima, 
Kusi^nmul  and  Maicr  in  1  case  of  elironie  saturnism,  and  etjmi»etent 
authorities  in  a  series  of  other  dit^teases. 

Though  the  theory  of  tiie  specificity  of  the  gai?tn>' intestinal  process 
in  progres^sive  pernicious  anemia  seems  decidedly  endangered!  by  these 
statistics,  there  is  still  reason  for  the  assumption  that  the  profotmd 
alterations  of  the  intestimil  tract  and  tlie  consi'qucnt  inevitable  disturb- 
auces  of  nutrition,  may  constitute  the  cause  in  at  least  a  cci-taiu  group 
of  cases.  Almost  all  the  investigators  who  observed  atrophy  of  the 
intestine  regarded  It  as  the  cause  of  the  anemia;  fuv  instance,  Fenwick, 
Kussmaul  and  Maicr,  and  others  belie vchI  that  it  bad  products  1  pro- 
ooaooed  seconthiry  anemia  ;  Quincke,  Martius,  and  others  considered  it 
the  cause  of  the  essential  anemia. 

[Blfjch,*  in  discussing  the  etiology  of  pernicious  anemia,  refers  to 
flome  experiments  made  for  the  purpose  of  dctermioing  whether  intestinal 
fermentatitin  exercises  any  particidar  influence.  Extracts  made  from 
tlie  intestinal  Ciintcnts  of  patients  in  different  stiiges  of  the  disease  were 
iojectetl  into  animals  witliout  producing  characteristic  symptoms,  and 
the  results  were  practically  the  same  as  those  obtained  from  similar 
extracts  got  from  hetilthy  {lersons. 

Estimations  of  the  ethereal  sulphates  gave  var\*ing  results,  and  the 
autlior  fouml  indieanuria,  on  w4iich  Grawitz  lays  some  stress,  an  incon- 
stant condition.     Wlien  present,  he  found  it  due  lo  constipation. 

Determinations  of  the  toxicity  of  the  urine  also  gave  uncertain 
reitnlts.  If  there  wert*  a  diminution  in  the  normal  excretion  of  toxins 
or  an  abnormal  format ifin  of  toxic  iHidies,  an  inereasal  toxicity  of  the 
blood  would  results  Neither  condition  could  be  proved.  The  blood- 
serum  from  patients  showeil  no  special  toxicity  for  mice  or  guinea-pigs. 

Einhom  *  comes  Ui  mueh  the  same  eonelusiou  as  Bloeh»  and  in  clis- 
cuedng  the  relationsliip  of  achylia  gastric^a  to  jiernicions  anemia,  he 
00nolud<:*s  that  no  special  relationship  exists.  In  most  cases  of  achylia 
gastrica  the  bhxxl  is  practically  normal,  even  though  the  change  in  the 
atoDoach  is  extreme.  On  the  otlier  band,  in  jxTnicious  aneniiu  the 
gastric  juice  is  secreted  in  normal  quantity  and  is  of  normal  character. 

'  DeiiUeh,  Arch,/.  kHn,  Med,^  voL  IjtxvH.,  Noa.  3  nnd  4. 
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The  two  conditions  may  occur  together,  but  the  association,  he  think% 
is  not  a  clasc  one. 

H.  Adler '  describes  3  cases  of  pernicious  anemia  associated  with 
achylia  gastrica.  He  considered  the  anemic  condition  seoondarj"  to  the 
gastric  disease, 

Strauss/  in  an  investigation  of  the  relation  of  gastro-intestinal  c3on- 
ditions  and  anemia,  especially  pernicious  anemia,  notes  that  expt*ri- 
mental  obstruction  of  the  intestine  in  rabbits  produced  no  marked  or 
characteristic  change  in  the  blood  and  studies  of  the  hemolytic  power 
of  the  blocnl  serum  of  persons  sufiering  \rith  constipation  showed  no 
differences  from  the  serum  of  normal  indivitluals.  He  insi>te<l  that  no 
relation  between  gustriHintestinal  disease  and  pernicious  anemia  has  been 
established. — Ed.] 

In  another  section  were  shown  the  difficulties  encountered  in  the 
enfleavor  to  explain  anemic  ci editions  from  disturbances  vi*  nutrition. 
Since  it  was  pix»ved  that  quantitative  undernourishmeut  can  not  lead 
to  anemia,  and  cjualitative  undernourishment  only  under  very  definite 
circumstances,  toxic  substances  elaboratetl  within  tlie  intestinal  tract  in 
the  course  of  disturbances  of  digestion  and  absorption  have  been  made 
res|wnsible  for  its  origin.  The  genesis,  therefore,  may  be  stated  as 
follows :  The  primary  process  is  the  atrophy  of  the  gastro-intestinal 
mucous  membrane  ;  this  produces  severe  disturlmnces  of  ab^:*rption,  etc., 
and  these  in  turn  the  severe  anemia.  (Martins  attributes  deeiilKl  sig- 
nificance  only  to  the  atrophy  of  the  intestine,  not  to  that  of  the  stoinacL) 

This  hyjwthesis,  however,  does  uot  agree  with  the  detailed  investi- 
gations of  Koch  in  the  Berlin  Pathnlogic  Institute.  In  5  cases  of 
progressive  [»erniei,ous  anemia  examined  by  him  death  was  produced  by 
the  disease  itaelf  without  any  complication.  If  the  relations  between 
the  anemia  and  the  atropliy  of  the  intestine  were  as  alr>ove  repre- 
sented, a  gastro-intestinal  atrophy  of  the  highest  grade  should  have 
iM^en  found  in  all  cases,  yet  Koch  expressly  insists  that  in  3 
of  his  cases  the  muc<jus  menibmne  of  the  intestine  showed  only  a 
alight  degrt^  of  atropliy.  The  theory  of  the  primary  nature  of  the 
intestinal  disease  and  tlie  secondary  nature  of  the  severe  anemia  is 
thereby  demolished.  Moreover,  an  interesting  clinical  observation  cre- 
ates a  crucial  objection.  Sehauman  exaniineil  1*5  |x*rsons  who  had  been 
cured  a  long  time  previously,  some  of  them  even  yeai-s  before,  of  a 
bothriocephalus  anemia  and  had  recovered  j^rfect  health.  In  10  he 
found  that  the  gastric  juice  contained  no  free  hydrochloric  acid.     If  the 

*  American  Medicine ^  Noxornlxr  l'>,  IW2. 
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stomach  disease  was  the  cause  of  the  severe  anemia,  the  symptoms  of 
the  former  should  have  disappeared  before  the  latter. 

We  come,  therefore,  to  the  other  question.  Is  the  progressive  per- 
nicious anemia  the  foundation  on  which  the  gastro-intestinal  atrophy 
develops,  or  are  both  the  result  of  one  and  the  same  still  unknown 
cause?  It  is  possible  that  in  this  regard  the  progressive  pernicious 
anemia  with  known  cause  will  prove  explanatory.  Schauman,  in  his 
monograph  on  bothriocephalus  anemia,  unfortunately  reports  only  the 
macroscopic  examination  of  the  intestine,  though  this  not  infrequently 
showed  the  intestinal  wall  considerably  thinner  than  normal ;  Eckert, 
however,  reports  that  the  gastric  and  intestinal  mucous  membrane  were 
atrophic  in  1  case  of  tapeworm  anemia.  Nevertheless  taken  altogether 
profound  gastro-intestinal  alterations  have  been  found  in  only  a  small 
portion  of  the  cases  of  bothriocephalus  anemia  which  came  to  autopsy, 
while  the  majority  showed  no  coarse  changes  in  the  intestinal  canal  in 
spite  of  the  severe  anemia.  If  we  contrast  these  observations  with 
those  in  which  we  found  similar  intestinal  lesions  in  other  diseases 
without  severe  anemia,  we  can  only  assume  a  coordinate  origin  of  both 
symptoms,  the  anemia  and  the  atrophy. 

This  conclusion  recalls  the  one  on  the  relation  of  the  alterations  in 
the  spinal  cord  to  progressive  pernicious  anemia  (see  p.  275) ;  we  must, 
therefore,  assume  the  same  cause  for  the  anemia,  the  intestinal  atrophy, 
and  the  spinal  d^neration.  What  circumstances  are  necessary  in  order 
that  one  and  the  same  influence  may  produce  sometimes  one,  sometimes 
the  other  lesions,  sometimes  all  of  them  together,  is  at  present  a  mystery. 

In  concluding  this  discussion  the  writer  would  like  to  state  that  the 
anatomic  alterations  of  the  intestine  do  not  always  correspond  to  the 
digestive  disturbances  observed  during  life.  Thus  Quincke  reports  that 
no  anatomic  alterations  of  the  digestive  tract  could  be  found  that  cor- 
respond to  the  intense  clinical  symptoms,  and,  reversely,  cases  have  been 
reported  by  Eisenlohr  and  Martins  which  manifested  during  life  almost 
no  disturbances  of  digestion  and  a  pretty  good  condition  of  nutrition, 
while  the  section  showed  a  very  severe  atrophy  of  the  intestinal  wall. 

Nothnagel  reported  in  1  case  of  progressive  pernicious  anemia 
a  marked  thinning  of  the  mucous  membrane  associated  with  disap- 
pearance of  the  gastric  glands  and  an  enormous  thickening  of  the 
gastric  wall  due  to  an  overgrowth  of  connective  tissue.  The  rigid 
walls  which  grated  under  the  knife  surrounded  a  cavity  corresponding 
to  about  the  size  of  a  large  pear.  [The  editor  has  observed  a  case 
exactly  like  that  of  Nothnagel. — Ed.] 

In  the  section  on  the  pathogenesis  of  the  progressive  pernicious 
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anemia,  moreover,  the  writers  have  mentioned  several  cases  of  the  disease 
in  which  autopsy  revealed  careinomata  in  early  stag^.     For  the  signifc^^ 
cance  of  this  finding,  see  p-  243.  ^H 

In  a  pretty  large  number  of  cases  presenting  otherwise  nothing^  ' 
charactenstic,  not  even  a  splenic  tumoFj  the  mesenteric  glands  were 
fonnd  enlarged  (Eichhorst,  Quincke^  and  others).  According  to  the 
microscopic  investigations  of  Eichhorst  the  enlargement  proved  to  be 
a  pure  hypeq>lasia  and  in  only  1  case  was  a  caseous  degenerated 
center  observed.  What  relation  tiese  enlarged  lymph-glands  bear  to 
the  disease-process,  and  whether  they  are  associated  merely  with  local 
disturbances  in  the  intestinal  tract  or  with  the  abnormal  function  of  the 
bone-marrow,  can  not  be  determined.  In  the  blood  we  find  no  evi- 
dence of  an  increased  activity  of  the  lymph-glands  as  far  as  the  pro- 
duction of  lymph-cells  is  oonceraed. 

[A,  S,  Warthin'  has  eontributetl  some  very  interesting  studies 
the  pathology  of  pernicious  anemia  based  upon  an  investigation  of 
cases.     His  studies  were  mainly  directed  toward  the  hemolymph  nodes, 
which  he  believes  play  an  important  part  in  the  pathology.     He  con- 
siders the  disease  especially  an  hemolytic  one,  and  thinks  that  some 
unknown   poison  stimulates   the  phagocytes  of  the  spleen,   lymphati^i 
glands,  hemolymph-glands,  and  bone-marrow.     The  hemolysis  is  nd^l 
confine<l  to  the  portal  area,  as  Hunter  maintained,  but  is  apparent  in      ' 
the  prevertebral  lymph-  and  liemolymph-ntxles  and  in  the  bone-marrow. 
In  most  csises,  however,  the  spleen  is  the  chief  seat  of  blood  destruc- 
tion.    He  could  find  no  patliologic  evidence  of  hemolysis  in  the  liver, 
stomach,  or  intestinal  capillaries  in  any  of  his  8  c^ses. 

The  changes  found  in  the  hemolymph-glands  were  dilatation  of  the 
blood-sinuses  and  evidences  of  increased  hemolysis.  In  some  oSLSm 
great  increase  in  the  size  and  number  of  the  hemolympli-glands  was 
conspicuous.  These  changes,  however,  are  not  epec^ific  of  perniciouft 
anemia.  The  lymphoid  and  megsdoblastic  changes  in  the  lx>ne-marrow 
the  author  considers  merely  com[>ensatory  in  nature,  and  not  an  essen- 
tial part  of  the  patholug}\  Enlargements  of  the  lymphatic  glands 
similar  to  those  note<l  by  AVarthin,  but  not  confirmed  by  accurate  histo- 
logical studies,  had  l>een  observed  by  Eichhorst,  Weigert,  Kohler,  and 
Muller  (quoted  by  Warthin).  Most  authors  are  silent  as  to  the  oon- 
diiion  of  the  lymphatic  glands. — Ed,] 

The  anatomic  clianges   in   the  liver  are  very  variable.      In  one 

group  of  cases  this  organ  is  striking  on  account  of  its  almost  normal 

reddish-brown  color.     The  enlargement  occasionally  found  was  studied 

»  JffUT.  Jour.  Med.  ScL,  Oct.,  1902. 
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microscopically  by  Gilbert  and  Gamier  in  3  case^,  who  described  it 
BB  a  true  hy]>ertn)pby.  Again  the  liv^er  is  frequently  pale,  even 
eomewhat  clay  colored  ami  smaller  tlum  uorniaL  Ponfick  demonstrated 
the  participation  of  the  liver  in  the  geneml  fatty  degenerative  process. 
This  is  recognizable  macroscopictilly  ;  under  the  microscope  it  is  found 
to  affect  the  hepatic  and  vascular  cells.  In  1  case  Krebs  described 
^tmyloid  degenerattou  of  the  liver-cells.  In  reganl  to  the  appearance 
of  iron  in  the  liver,  see  the  general  discussion  of  SideroeJs  on  p,  141. 

In  confirmation  of  clinical  observations  tlie  spleeti  is  usually 
found  either  normal  in  size  or  smaller  than  normal.  In  rare  cases 
a  slight  firm  enlargement  has  been  observ^ed.  Considerable  enlarge- 
ment, even  to  double  the  normal ,  has  iK'cn  reported  by  Wilks  and 
Rosenstein,  the  latter's  case  arising  after  typhoid  fever.  It  follows, 
therefore,  that  hirge  splenic  tumors  must  be  regarde<l  as  accidental  eoin- 
cidcQces  or  as  sufficient  grounds  for  a  reconsideration  of  tlie  diagnosis. 
[Warthin^  found  the  spleen  enlarge<l  in  4  out  of  Teases  examined 
post  mortem-  In  1  of  tliese  cases  the  oigan  was  twice  the  normal 
mae;  in  another  four  times  the  normal  size.  Other  references  to 
enlargement  of  the  spleen  have  been  added  in  the  clinical  section, — Ed.] 
Mention  has  been  previously  made  that  this  organ  takes  considerable 
'  part  in  the  sidemsis.  In  general  the  microscopic  ejEamination  of  an 
enlarged  spleen  shows  a  simple  hyj^erplasia. 

The  alterations  in  the  central  and  peripheral  nervo^S  system  are, 
on  acount  of  tlie  clinical  symptoms,  of  very  great  interest.  The  macn>- 
8c?npic  observations  of  the  early  investigators  left  little  to  be  added 
later.  Nevertheless  a  series  of  valuable  microscopic  discoveries  was 
TceerveA 

The  first  striking  feature  is  the  conspicuous  part  taken  by  the  brain 
and  its  membranes  in  the  general  hemorrhagic  diathesis.  The  dura 
mater  shows,  as  was  reported  by  Biermer,  H,  Muller,  Eichhorst,  and 
others,  especially  on  its  internal  surface,  numerous  larger  or  smaller 
extravasations  of  blood.  These  extravasations  become  organized  and 
form  very  fine  transparent  membranes,  which,  according  to  H.  Muller, 
consist  of  a  delicate  network  of  fiVjers  fillet!  with  the  remains  of  the 
hemorrhages.  Their  extent  is  very  variable,  and  oc^cafiiooally  they 
fitpetch  over  the  whole  cerebral  convexity.  The  external  surface  of  the 
pift  shows  similar  extravasations  and  pseudomcmhrane  formations. 

In  the  large  majority  of  cases  described  in  the  literature,  the  ana* 
tomic  investigation  of  the  brain  showeil  no  abnormality  beyond  the 
anemia.  BiermeT,  H.  Mliller,  and  Schule  found  small  extravasations  of 
1  Trana,  A$»oe,  Amar»  P%neuifM,  1902. 
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blood  io  different  cases  thut  presented  uo  outspoken  cerebral  j^ympt^ims 
during  life*  JBirolja  iir^t  reporttKl  a  microscopic  examination  of  the 
bmin  m  a  c^ise  of  progressive  peniicious  anemia.  He  found  numerous 
blood  extravasations,  irregularly  distributed,  together  with  numerous 
round  c^lls  in  the  vicinity  of  the  hemorrhages  in  the  cerebral  cortex 
and  in  the  |>ericeltutar  spaces  of  the  nerve-cells.  More<jver,  id  the 
cerebral  cortt*x,  in  the  medulla,  and  in  the  cerebellum  these  cells  showcil 
alt4?mtions  consisting  in  the  deposition  of  pigraent,  vacuolization,  swell- 
ing, and  diminution  of  staining  power  to  c^irmine. 

These  represent  the  seanty  observations  found  in  the  literature  on 
the  anatounc  aheiutions  of  the  brain ;  still  it  must  be  added  tlmt  an 
examination  of  the  brain  was  undertaken  in  I  nit  few  ceases,  and  that  the 
finer  methods  of  March!  and  Nissl  were  not  employed.  It  h  to  be 
hojied  tliat  the  gsips  will  soon  be  filled. 

The  anatooiic  alterations  in  the  spinal  COrd  arc  very  variable. 
In  general,  degeneration  aiftx^tsH  preferal)ly  the  upi>er  sections  of  the 
cord,  esiKHjially  tbe  cervical  and  thoracic  pi>rtions  j  the  lumbar  portion 
is  affected  more  rarely.  Still  lesions  are  si>metimes  found  throughout 
its  whole  length. 

We  find  in  the  first  place,  as  in  the  brain,  kauorrhages  correspond* 
ing  to  the  genenil  tendencies  of  the  disease.  Eisenlohr  found  numerous 
capillary  hemorrhages  in  the  gray  substance  of  the  thoracic  cord  with 
subsequent  overgrowth  of  the  glia.  Still,  among  the  cases  described, 
spinal  cord  hemorrhages  arc  rare.  Moreover,  they  are  completely  in* 
def)cndent  of  other  degenerations,  and  can  by  no  means  be  regarded,  as 
Teichmuiler  claims,  ad  their  starting-point. 

The  anatomic  alterations  in  the  gray  substance  play  a  compara- 
tively small  riMe.  Even  with  extensive  lesions  in  the  white  substance 
they  may  be  entirely  absent  or  very  slight.  Rothmann  observed  an 
almo6t  c<:in)plete  disappearance  of  the  aaedullated  fibers  in  the  anterior 
boms,  while  Clark's  cohmins  and  the  ganglion -eel  Is  /»f  the  anterior 
horns  remaine<l  intact.  Boedeker  and  Jnliusbnrger  and  Brasch  found 
altemtions  in  Nissl's  bodies,  slight  swelling  of  the  nucleolus,  aad  marked 
pigmentiition. 

Most  iuiportant,  I>ecause  most  frequent  and  most  extensive,  are  the 
altenitions  of  the  white  substance.  The  starting-point  for  all  the 
degenerations  is  furnished  by  very  small  fix*i  %vhich  are  situated,  as  a  rule, 
in  the  vicinity  of  vessels,  and  which  show  a  very  circumscribed  degen- 
eration of  the  nerve-fibers  and  often  a  secondary  growth  of  nervous 
connective  tissue.  These  small  foci  usually  run  t<:>gether  into  larger 
plaques.     Further  disturbances  then  arise  on  account  of  secondary  de- 
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generation  of  the  nerve-tracts  included  within  these  foci.  Since  the 
long  tracts  of  the  spinal  cord  lie  next  one  another^  conditions  are  found 
after  the  degeneration  has  advanced  which  simulate  combined  columnar 
scleroses.  The  genesis  of  these  alterations,  however,  shows  that  they  in 
no  case  hold  strictly  to  the  columns.  The  apparent  columnar  degenera- 
tions are  found  especially  in  the  posterior  columns,  which  do  not  remain 
entirely  intact  in  any  case  of  spinal  disease.  The  formation  of  foci  in 
other  columns  is  very  variable  and  the  participation  of  the  lateral  and 
anterior  columns  is  extremely  irregular. 

[In  his  study  of  7  cases  Burr  found  the  cord  normal  in  but  1.  The 
lesions  were  fairly  constant.  The  cervical  swelling  was  always  the  prin- 
cipal seat  of  change,  from  which  point  downward  there  was  a  gradual 
decrease  in  the  pathologic  condition  until  in  the  lumbar  enlargement 
a  normal  condition  was  usually  found.  He  notes,  however,  that  in 
Bowmann's  case  the  lumbar  cord  was  involved.  The  parts  of  the  cord 
affected  are  the  posterior  columns,  the  lateral  columns  in  and  near  the 
crossed  pyramidal  tracts,  the  direct  pyramidal  tracts,  and  rarely  a  band 
running  forward  along  the  circumference  of  the  cord  (direct  cerebellar 
tract).     The  gray  matter  is  rarely  affected  even  slightly. — Ed.] 

Finally,  mention  must  be  made  of  the  alterations  observed  in  the 
W8M&  of  the  white  and  gray  substance  (Minnich,  Nonne,  et  al.)  which 
are  possibly  of  importance  in  the  genesis  of  the  focal  affection.  These 
investigators  found  sometimes  the  lumina  of  the  vessels  dilated,  again 
the  walls  thickened,  from  hyaline  degeneration.  Jacob  and  Moxter 
found  the  thickening  of  the  walls  so  marked  that  the  lumina  of  the 
vessels  had  disappeared. 

The  peripheral  nerves  are  described  by  the  majority  of  observers 
as  completely  intact.  V.  Noorden  reports,  however,  the  microscopic 
investigation  of  the  two  crural,  tibial,  and  peroneal  nerves  in  1  case 
in  which  extensive  alterations  were  found  in  the  spinal  cord.  The  per- 
oneal nerves  were  normal.  The  other  two  pairs  showed  about  two-  to 
three-fifths  of  the  individual  nerve  bundles  degenerated.  The  medullary 
sheaths  were  swollen  and  broken  into  irregular  masses.  The  axis 
cylinder  lay  intact  in  the  midst  of  the  broken-up  medulla.  The  nuclei 
of  the  me<lullary  sheaths  were  scarcely  increased,  the  vessels  and  con- 
nective tissue  showed  no  evident  alterations.  (Positive  clinical  symp- 
toms of  a  peripheral  disease  were  not  observed  in  this  case.) 

In  regard  to  the  changes  found  in  the  eye  post  mortem,  nothing  of 
importance  is  to  be  added  to  what  has  been  said  in  the  clinical  part. 
The  autopsy  completely  confirms  the  ophthalmoscopic  finding.  The 
microscopic  investigation  of  the  retinal  lesions  has  led  to  a  divergence 
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of  views,  Horner  coa-siders  the  wbiti.sli  discoloratioo  which  gradually 
arises  in  the  eeoter  of  the  small  extravasation  m  a  sign  of  ab^sorption ; 
Manz  claims  thiit  it  is  produced  by  a  collection  of  round  cells;  Uhthoff 
regards  it  as  the  expression  of  a  true  retinitis.  [De  Schweinitz  aiincides 
in  this  opinion,  and  has  reported  an  interesting  study,  already  referred 
to  in  the  clbiad  section. — Ed.]  Eichhorst  showed  that  the  efiiisioit 
of  blood  into  the  retina  ai-ose,  at  least  sometimes,  from  an  aneur\^smal 
dilatation  of  the  vessel  wall  with  subs€H[uent  rupture,  though  undoubt- 
edly some  of  tlie  hemorrhages  are  explicable  only  by  diapedesis.  E. 
Fracnkel  found  lo  1  ease  a  marked  fatty  degeneration  of  all  the  ocular 
muscles  with  a  rich  accumulation  of  pigment  in  and  between  the  primi- 
tive bundles. 

Hemorrhages  are  also  found  among  the  pathologioo-anatomic  find- 
ings of  the  organ  of  hearim/,  Habcrmann  describes  them  in  1  case 
in  the  right  ear,  between  the  nerve-fibers  and  gaoglion  cells  in  the 
cochlea,  the  vestibule,  and  the  semicircnliir  canals.  The  vessels  in  the 
vicinity  of  the  hemorrhages  showeil  no  aneurysmal  dilatations  as  they 
do  in  the  retina,  and,  therefore,  we  must  attribute  the  hemorrhages 
to  diapedesis* 

Several  cases  have  been  tlescribed  in  the  literature  in  which  lesions 
were  observed  in  the  skeleton.  The  best  known  is  a  frequently 
quoted  case  of  Fe^le's.  This  was  a  severe  anemia,  the  cause  of  which 
was  found  in  multiple  tumors  of  the  heads  of  the  third  to  the  ninth 
ribs,  associated  with  alterations  in  the  bone-marrow<  Since  the  blood 
examination  was  defective,  it  is  impossible  to  judge  whether  this  case 
should  be  reckoned  with  progressive  pernicious  anemia  or  not, 

E.  Grawitz  mentions  in  a  late  publication  a  ciise  of  severe  anemia 
following  syphilis,  which  he  was  inclined  to  consider  an  early  stage  of 
progressive  pernicious  anemia,  and  in  which  he  found  by  the  Rontgen 
rays  a  thickening  of  both  tibiie  and  femora.  The  blood  finding  in  this 
case  seems  scarcely  such  as  would  justify  a  diagnosis  of  progressive 
pernicious  anemia. 

In  the  pathologic  anatomy  of  progressive  i>ernicious  anemia  the 
bone-marrow  demands  careful  consideration  on  account  of  its  im- 
portance as  a  blood-making  organ. 

The  first  investigator,  omitting  the  incomplete  statements  of  several 
of  his  predecessors,  who  accurately  describeci  the  changes  in  the  bone- 
marrow  in  progressive  pernicious  anemia  and  recognized  them  as  a 
very  important  symptom  of  the  disease,  was  Cohnheim.  Id  his  cele- 
brated work  of  the  yt^ar  1876  he  mentions  a  case  in  which  the  aut4)pgy 
showed  the  fatty  marrow  of  the  long  bones  replaced  by  a  ra-pljeny 
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jelly-like  mass.  Closer  investigation  revealed  that  this  corresponded 
tij  the  normal  marrow  of  spongy  bones.  On  microscopic  examination, 
Cohnheim  found  that  this  marrow  was  almost  devoid  of  fat-cells  and 
consisted  of  about  equal  parts  of  colorlesa  cells  of  diflerent  sizes  and 
bemoglobin  containing  cells.  Some  of  the  latter  had  exactly  the  ap- 
pearftDoe  of  normal  red  blooil -corpuscles,  others  showed  a  much  larger 
diameter^  and  a  great  numl>er  were  nueleated^  especially  among  the 
kirger  varieties. 

This  discovery  of  Cohnheim*s  acted  as  a  stimulus  for  innumerable 
investigations  along  the  same  line  (^ior  the  literature,  see  Geelmuyden), 
which  confirmed  Cohulieim's  findings  even  though  differences  of  opinion 
mro@e  ua  to  its  significance.  The  priuci|)al  discussion  arose  over  the 
i}Qe8tion  w*hethcr  the  alterations  in  the  lx)ne-mar row  should,  with  C^hn- 
faeim,  Ik*  regardetl  as  the  primary  process  which  prtTduced  the  anemia, 
or  whether,  a^s  E,  Neumann  explained  tliem,  they  shouhl  be  considered 
an  endeavor  on  the  part  of  the  organism  to  compensate  for  the  anemia. 

The  value  of  Cobnljeim's  observation  was,  to  a  certain  extent,  modi- 
fied by  the  fact  that  a  transformation  of  yellow  fatty  marrow  into  red 
lymphoid  marrow  had  been  described  by  E.  Neumann  in  1869  **  in 
dironic  diseases  which  led  to  marasmus  '* ;  and  further  by  tlie  fact 
that  cases  of  progressive  pernicious  anemia  were  repi>rted  by  eom{>etent 
authorities  (Laache,  Quincke)  in  which  this  transformation  did  not 
occur.  The  theory,  therefore,  of  the  essential  importance  of  these  alter- 
ations for  progressive  pernicious  anemia  seemed  demolished. 

Greelmuyden  showed  that  the  transformation  of  fatty  marrow  into 
lymphoid  marrow  was  not  a  characteristic  feature  of  progressive  per- 
nicious anemia,  but  that  the  transformed  b>ne-marrow  in  this  disease 
noay  be  readily  differentiated  microscopically  from  the  new  foraged 
lymphoid  marrow  of  other  anemic,  cachec*tic,  and  febrile  c^inditions.  The 
lymphoid  marrow  of  the  long  bones  in  the  latter  series  of  conditions 
ejcactly  resembles  in  lis  microscopic  features  the  physiologic  lymplioid 
marrow  of  the  vertebrfie,  the  sternum,  and  the  ribs,  and  consists  of 
exactly  the  same  elements.  In  addition  to  several  elements  unneces* 
aary  to  take  into  consideration  here,  it  rt^gularly  contains  nucleated  red 
blood-corpusclejs  corresponding  in  size  with  normal  red  blood -corpuscles 
and  distinguishable  from  tlxe  gmall  colorless  cells  of  the  marrow  only 
by  their  hemoglobin*  In  these  cases,  therefore,  the  transformation  rep- 
resent'8  only  a  simple  increase  of  the  physiologic  function  of  the  bone- 
marrow,  a  process  which  is  most  readily  explained  as  one  of  reaction 
and  regeneration. 

The  lymphoid  marrow  of  the  long  bones  in  progressive  pernicious 
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anemia,  however^  is  distinguishable  from  this,  in  that,  although  it 
resembles  the  physiologic  red  marrow  in  its  geueral  elements,  the 
nncleated  red  blood-corpuseles  show  decided  differences.  They  are  in 
the  first  place  of  large  siise  and  may  exceed  by  three  times  the  diameter 
of  the  normal  ;  in  the  seeond  plaec^  they  nianife>st  by  their  striking  dark 
color  a  higher  bemoglohin  content,  and  thirdly,  they  show  an  inclina- 
tion to  take  an  oval  rather  than  a  round  form.  The  lymphoid  marrow 
of  pr(jgre2?sive  pernicious  anemia,  therefore,  is  characterisied  by  its 
number  of  megsdoblast?,  cells  which  are  foreign  to  the  adult  organism. 
Consequently,  even  if  this  metamorphosis  of  the  bone-marrow  is  con- 
sidered a  regenerative  process,  it  stands  far  behind  that  of  simple 
anemia  in ,  vahie^ 

In  addition  we  see  elements  w^hich,  though  not  exclusively  character- 
istic of  progressive  pernicious  anemia,  are  more  numerous  than  under 
any  normal  condition,  na&ieh%  large  giant  cells  containing  several  (eighty 
ten,  or  sometimes  more)  red  blood-corpuscles.  Moreover,  we  find 
an  increased  dej>osition  of  pigment  in  and  between  the  marrow-cells. 
Both  of  the^e  conditions  indicate  an  increased  destruction  of  red  car-^f 
puscles.  ^ 

[Ewing  *  states  that  he  has  found  three  rather  distinct  conditions  in 
the  marrow  of  the  ribs,  the  vertebne  and  femurs  of  fatal  cases  of 
idiopathic  pernicious  anemia.  ^^t 

L  The  Cohnheim-Rindfleisch  type  (megaloblastic  degeneration),  in 
which  with  wide  ext<*usion  of  lymphoid  marrow  an  excessive  proportion 
of  the  cells  in  the  marrow  and  nearly  all  the  nucleated  red  cells  are 
mcgaloblasts  or  gigantoblasts.  ^M 

2.  Extreme    lymphoid   hyperplasia  (myeloblastic  degeneration),  in^^ 
which  the  majority  of  c^lls  are  small,  hyaline,  and  mononuclear,  while 
nucleated  red  cells  are  scarce,  and  those  remaining  are  of  large  size. 
This  tyi>e  of  lesion  is  identical  with  that  recently  descriljed  by  Naegeli 
under  the  term  ''  myeloblastic  degeneration/' 

3,  Recently  the  WTiter  encountered  a  case  of  fatal  pernicious  anemia 
of  twelve  months'  duration,  without  demonstrable  origin,  in  which  the 
marrow  showed  a  remarkable  excess  of  nucleated  red  cells  of  norojal 
size. — Ed.] 

These  statements  in  regard  to  the  macroscopic  and  microscopic 
alterations  of  the  bone-marrow  require  amplification. 

In  the  first  place  the  extent  of  the  alterations  varies  within  wide 

limits  in  individual  eases.     At  one  end  of  the  series  we  have  rare  ca.%es 

like  that  described  by  Rindfleisch.     In  this  the  entire  marrow  of  the 

*  CUnicai  Patholofjy  of  the  Blood,  1 90^. 
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tobular  bones  was  transformed  into  lymphoid  tissue^  and  on  microscopic 
examination  was  found  to  consist  exclusively  of  m^aloblasts.  Next 
to  such  cases  stand  others  in  which  the  entire  fatty  marrow  is  trans- 
formed into  red  marrow,  but  besides  megaloblasts  and  gigantoblasts^ 
numerous  cells  of  normoblastic  type  are  found.  In  still  another  series 
we  find  the  bone-marrow  only  partially  replaced  by  red  marrow,  and 
the  relative  number  of  m^aloblastic  cells  diminishing  till,  in  some 
cases,  they  appear  only  in  isolated  areas.  The  series  closes  with  those 
cases  in  which,  in  spite  of  severe  universal  anemia,  not  the  slightest 
metamorphosis  of  the  fatty  marrow  is  found  (Ehrlich,  Geelmuyden, 
C.  S.  Engel).  [Lipowski,^  Muir,^  and  Ewing*  have  reported  similar 
cases. — Ed.J 

If  we  weigh  the  significance  of  these  differences,  we  must  agree 
with  E.  Neumann,  whose  arguments  have  been  generally  convincing, 
that  the  lymphoid  transformation  of  the  fatty  marrow  is  not  the 
primary  process  which  produces  the  anemia,  but  is  an  attempt  on  the 
part  of  the  organism  to  make  good  the  losses  arising  from  the  anemia. 

Just  as  the  varying  clinical  manifestations  of  different  cases  of  anemia 
have  sometimes  been  r^arded  as  merely  gradations  in  intensity,  so  the 
alterations  in  the  bone-marrow  have  been  regarded  as  graded  reactions 
to  the  same  variety  of  irritation  (Muir),  and  have  been  represented  as 
follows:  1.  All  influences  tending  to  produce  anemia  stimulate  the 
Dormal  bone-marrow  so  that  the  increased  blood  destruction  will  be  met 
by  an  increased  blood  formation.  This  occurs  when  the  normally  in- 
active bone-marrow  takes  up  the  hematopoietic  function.  2.  If  the 
anemic  influence  continues  its  action  for  a  longer  time,  or  is  more 
intense  or  operates  in  a  case  in  which  the  bone-marrow,  on  account  of 
relative  insufficiency,  is  not  capable  of  this  physiologic  reaction,  we  see 
the  formation  of  a  megaloblastic  marrow.  This  leads,  it  is  true,  to  a 
r^eneration  of  the  blood,  but  in  a  way  that  is  incomplete  and  different 
from  the  physiologic  hematopoiesis  of  adults.  3.  The  reactionary 
power  of  the  bone-marrow  is  extremely  slight ;  there  exists,  as  it  were, 
a  "  torpor  "  of  this  organ  which  can  not  be  aroused  even  by  a  severe 
anemia,  so  that  the  imperfect  megaloblastic  formation  of  blood  fails  to 
occur,  much  less  a  healthy  reaction. 

This  gradual  division,  however,  is  not  ciipable  of  standing  close  scru- 
tiny, since  the  difference  of  the  reaction,  as  far  as  the  normoblasts  and 
megaloblasts  are  concerned,  depends  not  on  the  varj^ng  intensity,  but 
on  the  qualitative  difference  of  the  anemic  influence.     The  proof  of  this 

»  DeulKh.  Med,  WoeheMchr.,  1900.  ^  Brii.  Med,  Jour.,  190a 

»  Clinical  Pathology  of  the  Blood,  1903. 


2^8 


PROGRESSIVE  PERyiCIOVS  ANEMIA, 


is  tlic  occurrence  of  macrocytes  and  megiiioc)  tcs  iu  the  blrKxl  of  **  mild 
ctLscn''— /.  e'.,  cBrly  t^tugcs,  which  is  nut  at  all  conceivable  without  a 
megalobhistic  tlcgeneration  of  the  bone-niarrow.  This  i>ec:uliar  meta- 
plasia, therefore,  can  be  produced  by  irritants  of  moderate  iuteusity  if 
they  are  of  sjwcific  cliaractcr. 

That  a  preexitsting  morbid  condition  of  the  lK>ne-marrow  is  not  to 
be  made  responsible  for  the  megaloblastic  reaction  is  in  our  opinion 
evident  from  the  fact  that  the  jx>ison  of  the  lx*thri(>cepliakis  is  so  fre- 
<]uently  tti|>ablc  of  producing  the  charackTistlc  anatomic  changes*  The 
assnniption  woukl  indt^cd  be  far  fetched  that  a  progressive  i>ernicioU3 
anemia  instead  of  a  simple  anemia  art»se  in  all  these  cases,  siaiply 
because  the  bone-marmw  of  the  affected  individual  Wiis  anomalous 
previous  to  the  action  of  tlic  worm  jKiison.  [It  must  be  refilled,  how* 
ever,  that  certain  cases  of  bothriocephalus  invasion  do  not  show  anemia 
of  progressive  |H?rnicious  ty[)e*  The  jKisisibility  that  in  such  cases  the 
lx>ne-marrow  is  capable  of  normal  reaction  must  l>e  admitted,  though  it 
has  not  l>een  definitely  proved. — Ed.] 

Several  ditWculties  are  introduced  by  the  third  series  of  cases  of 
severe  anemia  in  which,  as  Ehrlich  first  rt^cogniscd  in  vivo,  every  trace 
of  reaction  and  transformation  of  the  bone-marrow  is  wanting.  Whether 
a  deficiency  of  the  marrow  is  entirely  responsible,  or  whether  special 
peculiarities  of  the  sfx^cific  irritants  which  make  them  capable  of  de- 
stroying the  blood  but  not  of  stimulating  a  regeneration  must  be  con- 
sidered, can  not  at  present  be  decided*  Bettmann*s  investigations  on 
the  influence  of  arsenic  on  the  bone-marrow  of  the  rabbit  contributes 
something  to  this  question*  By  the  a<l ministration  of  small  amounts  he 
was  able  to  produce  a  transformation  of  fatty  marrow  into  red,  which 
simulatetl  that  of  simple  anemia;  by  emphiying  larger  tloses  this 
lymphoid  metamorphosis  occurred  more  slowly  nr  not  at  all.  This 
observatioti  seems  to  show  tliat  a  t<»o  intense  irritant  paralyzes  the  com- 
pensator}' power  of  a  bo ne*m arrow  which  may  be  simulated  by  less 
severe  irritations.  A  single  case  of  bothriocephaUis  anemia,  carefully 
observe*!  both  clinically  and  anatomtadly  in  which  this  **  bone-marrow 
aplasia  '*  (Ehrlich)  was  demonstrated,  would  be  sufficient  to  decide  this 
contested  point.  The  question  arises  whether  these  rare  cases  which 
correspond  clinically  to  Biermcr's  picture,  but  which  lack  the  character- 
istics demanded  by  Ehrlich,  as  well  as  the  unatuniic  alterations  of  the  F»one- 
marrow,  are  to  be  reckoned  with  prngrcssivc  pernicious  or  severe  simple 
anemia.  If  we  were  to  proceed  strictly  logically,  a  special  group 
should  l>e  made  and  w^e  should  sjicak  of  a  normoblastic,  a  megaloblastic, 
and  an  **  aplastic  *'  anemia.     Still,  from  a  practical  point  of  view,  the 
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writers  consider  it  more  judicious  to  reckon  tiiese  most  rare  causes 
with  simple  chronic  anemia,  to  which  they  M.tand  cIoee&>t  in  their  blood- 
picture.  Whoever  makes  a  careful  morphologic  analysis  of  the  blixid 
along  the  lines  laid  dovm  by  Ehrlich  will  ah^'ays  be  able  to  separate 
them  and  draw  the  proper  conclusions  in  regard  to  the  prognosis. 

[Engel  ^  discusses  the  condition  of  the  blood-making  organs  as  indi- 
oited  by  the  composition  of  the  blood.     He  believes  it  is  possible  to 
establish  the  character  of  these  organs  by  studying  the  blood.     He  dis- 
tinguishes four  types  of  bone-marrow  and  appends  the  character  of  blood 
met  with  in  conjunction  with  these  :    (1)  Normal  marrow  epiphyses 
contain  red  marrow,  diaphyses,  fatty  marrow.     In  the  former  ortho- 
and  polychromatic  normoblasts  may  be  found.     In  the  blood,  only  nor- 
mal orthochromatic  erj-throcytes.     (2)  "  InsuflScieut "  marrow  (partly 
conjectural  condition).     Occasionally  the  nucleated  cells  in  the  marrow 
are  as  much  increased  in  number  as  in  pernicious  anemia.     The  blood 
conditions  associated  with  this  are  (a)  chlorosis ;    (6)  anemia  or  anemia 
with  chlorosis;   (c)  the  presence  of  pathologic  red  corpuscles  in  the 
blood.     (3)  Metaplastic  marrow.     Yellow  marrow  completely  or  largely 
converted  into  red  marrow.    In  the  red  portions,  m^aloblasts  and  metro- 
cytes  and  also,  as  in  the  blood,  all  transitional  forms  from  normal  to 
much  enlarged  nucleated  and  non-nucleated  erythrocytes.     (4)  Aplastic 
marrow — rare.     Epiphyseal  marrow  converted  into  fatty  marrow.     No 
nucleated  red  corpuscles  nor  leukocytes.      The  blood  does  not  contain 
abnormal  red  cells,  but  the  number  decreases  progressively. 

In  a  paper  read  before  the  New  York  Medical  Association  *  the 
editor  expressed  the  view  that  pernicious  anemia  is  undoubtedly  a  dis- 
ease resulting  from  rapid  destruction  of  the  red  corpuscles  for  the  com- 
pensation of  which  the  blood-making  functions  prove  inadequate ;  and 
further,  that  the  source  of  the  hemolytic  agents  is  the  gastro-intestinal 
tract.  He  could  not  coincide  with  Ehrlich's  view  that  there  is  a  dis- 
tinct perversion  of  bone-marrow  function,  but  merely  inadequacy. 

This  accords  with  the  view  of  those,  like  F.  P.  Henry,  who  regard  the 
marrow  reaction  of  pernicious  anemia  as  a  reversion  to  embryonal  con- 
ditions, even  though  there  is  some  deviation  of  normal  enibr\'onal 
processes.  In  this  connection  the  cases  of  metastatic  carcinoma  of  the 
marrow  with  the  clinical  features  of  jwmicious  anemia  ought  to  be 
recalled ;  as  also  cases  described  as  sarcoma.  Among  those  who  have 
described  cases  of  pernicious  anemia  (hematologically  speaking)  with 
sarcoma  of  the  bone-marrow  are  Fede,  Quincke,  and  P.  Grawitz. — Ed.] 
As  far  as  the  distribution  of  the  lympoid  marrow  is  concerned  we 
»  Munch,  Med.  Woch.,  1901,  No.  4.  «  Med,  News,  Oct  20,  1900. 
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may  say  that  it  is  not  rare  to  find  aormal  fatty  marnjw  in  one  tiibnTar 
btmc,  while  another  shows  the  entire  marrow  transformed  to  rtxl.  From 
the  post-mortem  protocols  the  metumorphosis  seems  to  alfeet  the  tibial 
marrow  most  frequently. 


I 


COURSE  AND  DURATION,    TERMINATION  AND 
PROGNOSIS 

Since  pr<:*gressive  pernieious  anemia  is  usually  brought  to  the  atten- 
tion of  the  pliysiciiui  only  at^er  the  j^yniptoms  are  well  cleveli>|)ed,  we 
must  rely  on  the  uucertain  statements  of  the  anamne^^is  tor  its  beginning* 
Neither  in  cases  with  known  etiology  nor  in  those  in  which  a  simple 
anemia  may  be  considered  the  forernnner,  and  naturally  not  in  the 
kryptogenetic  cases,  can  the  time  of  the  commentjement  of  the  disease  be 
determined  with  absolute  certainty.  Only  the  cases  w^hich  eome  on  dur- 
ing pregnancy  and  after  childbirth  afford  us  more  definite  inforniatioD. 

The  previous  history  of  the  patients  is  exactly  ah'ke  in  the  major- 
ity of  cases;  they  are  very  gradually  attacked  by  a  general  weakness  ^ 
which  renders  it  more  and  more  difficult  for  them  to  continue  their^ 
onlinary  occupation.  Work,  whether  physical  or  mental,  which  they 
w^ere  able  to  accomplish  shortly  beft>re  writhout  difficulty,  requires  the 
greatest  effort,  and  the  strength  gives  out,  especially  when  the  work 
is  prolonged.  Simultaneously  alterations  in  the  appearance  set  in. 
The  color  of  the  face  and  hands  becomes  strikingly  pale,  the  featured 
become  flabby,  the  eyes  dull.  Subjective  disturbances  are  quickly 
added  in  tlie  shape  of  paltipation,  vertigo,  tinnitus  aurium,  derange- 
ments of  vision,  and  an  inclination  to  fainting.  Then  further  objective^ 
symptoms  come  on,  among  the  first  of  which  is  slight  edema. 

The  progressive  character  of  the  disease  is  shown  by  the  steady 
increase  of  these  symptoms  despite  rest  and  care,  and  the  addition  of 
other  more  severe  ones  which  rouse  the  anxiety  of  die  patient  and  his 
friends,  Tlie  general  decline  in  health  and  strength  increases ;  the 
pallor  takes  on  its  peculiar  chamcter  and  rapidly  reaches  the  highest 
grade  ;  the  edema  becomes  more  marked  so  that  it  is  apparent  to  the 
laity.  The  feeling  of  w^eakness  is  so  great  thai  the  patient  leaves  his 
Ijcd  for  only  a  short  period  daily  or  not  at  all,  and  he  is  completely 
inciipable  of  bodily  or  mental  effc>rt.  The  cardiac  disturbanr^es  iocrease 
on  the  slightest  effort,  on  any  bodily  movement ;  in  fact,  a  tormeDtiogfl 
palpitation   associated  witli   dyspnea   may   set  in  sp+mta neons ly  even 

during    i^erfeet    quiet.       Distressing    symptoms    on    the    part    cif    the 

stomach  and    intestine  very   frequently  ap}x?ar*      If  the  appetite  was 
poor  at  the  beginning  of  the  disease,  it  decreases  to  a  violent  distaste 
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fw  eveiy  sort  of  nourishment ;  dysphagia,  nausea,  and  vomiting  set  in ; 
and  frequently  a  diarrhea  that  can  not  be  controlled  by  dietetic  r^ula- 
tioQs  is  added. 

These  symptoms  not  rarely  take  on  a  paroxysmal  character  and 
present  a  picture  which  recalls  that  of  severe  acute  intoxication. 

Following  these  symptoms,  or  if  they  are  wanting,  the  symptoms  of 
progressive  cachexia  appear,  unconsciousness  develops,  and  leads  to  coma 
and  death. 

This  general  picture  is  subject  to  many  alterations  depending  on 
special  symptoms  described  in  other  sections,  which  lend  variable  charac- 
teristics to  individual  cases  at  different  times,  and  to  different  cases  in 
contrast  with  one  another. 

A  very  special  peculiarity  of  progressive  pernicious  anemia  which 
is  scarcely  ever  encountered  in  such  a  marked  d^ree  in  other  severe 
dironic  diseases,  is  the  frequently  mentioned  interruptions  in  its  course, 
the  so-called  remissions,  or  if  one  will,  the  paroxysmal-like  occur- 
rence of  the  disease.  In  any  stage  of  the  disease,  even  the  most  severe, 
a  sudden  change  may  take  place  independently  of  every  treatment, 
resulting  in  a  surprisingly  rapid  and  complete  restoration  of  the  patient. 
This  change  occurs  most  frequently  in  connection  with  those  gastric 
crises  described  previously.  After  the  diarrhea  and  the  violent  vomit- 
ing have  resisted  every  remedial  effort  for  days,  they  suddenly  cease ; 
the  patient,  still  extremely  weak,  experiences  a  feeling  of  well-being 
which  produces  in  him  the  sensation  of  approaching  recovery.  The 
desire  for  food  and  drink  is  stimulated,  becomes  greater  from  day  to 
day,  and  eventually  even  insatiable.  The  general  strength  increases 
with  a  rapidity  otherwise  seen  only  in  youthful  individuals  after  a 
severe  infectious  disease.  Moreover,  if  the  nutritive  condition  has 
suffered  the  loss  of  weight  is  quickly  made  up.  An  evidence  of  the 
rapidity  and  the  degree  of  regeneration  is  furnished  by  the  estimation 
of  the  red  bloodicorpusc^les.  In  another  section  (see  p.  257)  was  men- 
tioned a  case  in  which  within  seventeen  days  the  number  of  erythro- 
cytes rose  from  1,340,000  to  4,115,000 — i.  c,  an  increase  of  163,000 
per  c.cni.  pro  die.  Yet  this  is  surpassed  by  cases  of  Laache  and  Schau- 
man,  in  which  an  increase  of  211,000  and  214,000  pro  die  respectively 
was  found.  As  a  matter  of  fact,  only  as  many  weeks  are  often  neces- 
sary to  bring  the  patient  to  blooming  health,  as  it  required  months  to 
produce  the  work  of  destruction. 

Laache  claims  that  precisely  in  the  stage  of  regeneration  progressive 
pernicious  anemia  is  sharply  differentiated  from  other  anemic  conditions. 
For  while  in  siifiple  anemia  (see  Curve,  Fig.  5)  the  average  ^^  value " 
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of  the  ef>q>uscles  sinks  on  account  of  the  increase  of  red  blood-oorptiscles 
ptKir  in  hemoglobio,  in  the  early  i^iage  of  regeneration  of  progre^isive 
pernicious  anemia  it  is  above  the  normal  ;  in  other  wonls,  in  simple 
anemias  the  number  of  bh>c"«l -corpuscles  reaches  the  normal  more 
quickly  than  the  quantity  of  hemoglobin,  while  in  prngrcpsive  pernicious 
anemia  both  run  [uiralleh  Schauman  and  v,  Willebmnd,  who  recently 
confirmed  this  observation,  see  its  explanation  in  the  siderosis  of  the 
internal  organs  in  progressive  j>ernicioiis  anemia,  which  makes  it  possible 
for  the  newly  formed  blood-corpuscles  to  obtain  a  larger  amount  of 
hemoglobin.  A  simpler  explanation,  however,  is  that  at  the  beginning 
of  the  remission  the  bone-marrow  has  still  at  its  disposal  a  large  store 
of  megalocytes  rich  in  hemoglobin.  Moreover,  it  is  likely  that  the 
marrow,  even  after  the  removal  of  the  hy|>othctic  irritation  which  was 
the  original  cause  of  the  formation  of  megidoblasts  and  megalocytes^ 
still  continues  for  a  time  to  work  in  the  old  direction,  and  returns 
only  gradually  to  the  ppcMluction  of  normal  celJs.  Towanl  the  end  of 
regeneration  the  amount  of  hemoglobin  in  the  corpuscles  becomes 
normal  or  even  sinks  under  the  normaL 

It  was  previously  mentioned  that  a  complete  remission  may  occur 
quite  a|>art  fri>m  treatment^  even  when  the  patient  is  "  in  extremis," 
Laache  observed  a  patient  rouse  from  a  five  to  six  days'  stupor  and 
gradually  return  to  jierfect  health  ;  and  Prof.  Renvers  hiis  privately 
informed  me  of  the  ca.se  of  a  patient  who  was  brought  to  the  hos- 
pital "  moribund/^  and  who,  without  other  tlian  the  symptomatic  treat- 
ment demandetl  by  her  dangerous  condition,  aroused  from  the  coma 
within  twenty -ft>yr  hours,  and  from  that  moment  convalesced  under 
the  employment  of  arsenic  till  within  a  few  months  she  was  entirely 
well. 

Moreover,  in  less  advance<l  stages  the  disease  may  come  to  a  sudden 
halt,  and  renounce  for  a  time  its  progressive  character  or  even  entirely 
disappear*  Further,  this  transformation  may  cjceur  gradually  without 
a  crisis  being  evident.  While  dismissing  from  consideration  at  prej^ent 
the  definite  cure  of  botbrio<^ephalus  anemia,  this  stage  of  remission  de- 
serves special  attention.  The  remission  may  be  so  complete  that  the 
patient  feels  **  better  than  ever  before,"  a  fei'liug  which  is  naturally  in 
great  part  called  forth  by  the  reniembranee  of  the  suffering  just  past. 
Moreover,  to  the  inexiKrienced  glance  of  the  laity,  the  nxMivery  may 
seem  to  be  complete.  Still,  on  careful  examination,  signs  are  found 
which  show  that  the  recovery  is  not  complete.  For  instance,  an  ex- 
treme excitability  of  the  heart,  in  consefjnence  of  wluch  insignificant 
inflneuc<^  increase  the  frequency  of  the  pulse,  jjersistence  of  the  anemic 
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tDDrtntirs^  an  inclination,  even  thciogli  ^^Hghtj  to  edema^  and  finaUy 
trifling  anomalies  iji  the  fotiipot^ition  of  the  blood. 

lu  our  opinioD  the  grejitest  stress  is  to  be  laid  on  the  last  iactor. 
The  writers  have  Beveml  times  been  able  to  subject  the  blood  of  such 
cases  to  continuous  control  and  ha\'e  found  the  anjount  of  heraoglobin 
and  the  histologic  appearancci^  practitally  normal  ;  tlie  few  deviations 
in  shape  and  size  of  the  cells  and  their  manner  of  taking  the  stain  were 
fio  slight  that  they  lay  within  nonnul  limits.  In  fact»  the  only  anomaly 
that  the  writers  were  able  to  find  in  thi^  apparently  normal  blood  was 
punctate  erythrocytes.  Though  thci^e  were  present  in  extremely  small 
numbers,  and  not  even  in  every  prejKimtionj  they  were  found  in  every 
case  several  times  (see  Plate  II,,  Fig.  4). 

The  further  fate  of  tht^e  ap{>arent  recoveries  shows  better  than  these 
insignificant  symptoms  that,  even  in  the  stage  of  remission,  the  progres- 
sive pemicioas  anemia  is  only  latent.  After  a  more  or  less  long  interval 
the  severe  symptoms  n(  the  disease  reapj>ear  and  k^id  anew  to  an  acme 
stage  to  which  the  patient  succumbsj  or  ao  alternation  of  the  two  con- 
ditions may  be  re|>eated  several  time*?. 

Not  a  few  cases  are  reported  in  the  literature  in  which  the  individual 
"paroxysms*'  are  described  from  the  first  breaking  out  of  the  disease 
till  death,  and  we  take  the  liberty  of  referring  to  several : 

Strumpell  de8cril:>es  a  ca*ie  that  showed  its  first  symptom  at  the  end  of 
the  year  1874  and  the  first  severe  c«>Ddition  in  September,  1875,  which 
resulted  in  perfect  recovery  after  eight  weeks.  During  the  pjeriod  from 
March  to  July,  1876,  the  statu?  gravis  was  refjeated.  In  November,  1876, 
the  symptoms  again  became  progressively  worse  till  the  exitus  lethal  is  in 
April,  1877. 

From  their  own  experience  the  writers  can  report  more  fretjuetit  remissions 
in  only  1  case.  The  disease  began  aliout  8epteml»er,  1894,  and  was  severe  iu 
the  middle  of  October  of  the  same  year.  The  patient  k-ft  the  hospital  well  at 
the  end  of  Noveml>er.  Deterioration  again  set  in  in  the  spring  of  1895  and 
complete  recovery  did  not  occur  thereatler.  In  Augui^t,  1895,  a  renewal  of 
the  stilt  us  gravis  ;  in  autumn  of  the  same  year  the  exitus  lethalis  (outside  the 
hospital). 

A  case  of  Paeehtner's  showed  repeateil  intervals,  which  were,  in  addition, 
very  remarkahle  on  account  of  their  long  tloration:  1,  Pretty  severe  condi- 
tion July,  1888;  2,  relocated  June,  18H9;  then  perfect  health  till  April, 
1894;  death  June,  1894. 

Finally,  we  nuist  mention  a  case  quoted  hy  l^aache  in  a  recent  work 
from  the  NorwTpan  literature  (Mai the,  1878  ) ;  though  unfortunately  without 
ttating  the  nuniher  of  remissions  or  descriliing  the  blDod-finding,  so  that  it 
can  not  be  determined  with  certainty  from  what  time  the  disease  should  be 
reckoned  with  progressive  pernicious  anemia.  The  patient*  who  was  a  mo^n, 
was  observed  for  ten  yeJirs  before  death  by  Mai  the,  and  during  this  time 
was  80  far  cured  **tiroe  after  time'*  by  Fowler's  solution  that  he  was  able  to 
ooiitiiiue  his  occupation. 
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In  II  case  like  Puecbtner's,  in  which  the  patient  remained  well  for 
almost  five  years,  the  as^aniption  ean  not  be  disregarded  that  the  disease 
was  completely  eared  after  the  seeond  |)aroxysm  and  that  the  attack  in 
April,  1894,  was  a  new  one.  Moreover,  we  can  not  disprove  the  view 
that  the  remlssious  represent  aetoal  cui^es  which  leave  behind  only  an 
increased  pretlisposition  to  the  disease,  as  do,  for  instance,  articular  rheu- 
matism, pneumonia,  erysi{>eJa.s,  etc.,  though  the  scanty  obser\^ationB  in 
rq^ard  to  the  beliavior  of  the  cases  which  escajx*  severe  pamxysnis  seem 
to  8|>eak  against  it.  l>ecisive  conelusioas  will  be  reached  only  w*hen 
there  is  the  opportunity  to  observe  the  patients  continuously,  A  com- 
parisi>n  with  tuberculous  disease  seems  more  proper,  for  in  this  disease 
apparent  recovery  frequently  occurs  while  a  latent  focus  remains  behind 
to  break  out  again  on  trifling  stimulus. 

The  literature  contains  numerous  statements  in  regard  to  tlie  entire 
duration  of  the  dlma^e,  Sandoz  mentions  a  case  from  HugueninTs 
clinic  which  proved  fatal  in  fourteen  days.  During  life  ulcerative 
endocarditis  was  diagnosetl  and  only  on  j>ost  mortem  was  the  disease 
recognized  as  progressive  pernicions  anemia.  Ininiermaun  and  Eich- 
horst  each  report  a  case  of  six  weeks'  duration,  though  the  commence- 
ment was  characterized  as  only  "  rather  sudden,"  in  other  words,  it  was 
not  sharply  determined.  A  case  of  H.  Miiller's,  in  which  the  disease 
began  very  acutely  after  a  severe  hemorrhage  during  parturition,  [)roved 
fatal  in  seven  weeks.  In  the  majority  of  ea^es,  as  far  as  the  beginning 
can  be  determined,  the  duration  is  nnder  a  htdf  year.  Between  the 
beginning  of  tlie  disease  and  deiith  about  five  years  occurred  in  cases 
reported  by  H.  M filler,  Laache,  Paectitner,  and  alM>ut  ten  years  in  one 
observed  l»y  Mai  the. 

The  fatal  termination  occurs  in  a  large  number  of  cases,  in  fact,  In  the 
great  majority,  after  coma  and  a  "vita  minima'^  with  complete  Ic^s  of 
strength  have  been  manifest  for  days.  Some  cases  have  l>een  reported  in 
which  the  end  was  ushered  in  by  violent  excitement,  deliriura,  maniacal 
paroxysms  or  the  reverse,  marked  depression  or  melancholia  leading 
directly  to  coma. 

In  1  case  of  Biermer's  death  occurred  suddenly  from  cerebral 
apoplexy. 

In  almoflt  every  large  work  on  [jrogressive  perniciona  anemia  we  find  a 
case  of  Litten's,  reported  in  1877^  which  terminated  in  medullary  leukemia. 
In  this  case  the  post-mortem  diagnosis  of  leukemia  seems  justified,  yet,  look- 
ing at  the  statements  of  the  olK-server^  the  intra-vitam  diagnosis  of  progressive 
perniclouit  anemia  fronr  the  rejxjrted  bload-ftudiogs  is,  to  say  the  least,  doubt- 
ful :  *'  From  the  iMftj^iiining^ — L  e,,  eight  days  ante  mortem — the  number  of 
leukocytes  appeared  somewhat  increased'';  there  was  no  poikilocytoeia  and 
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a  differential  count  of  the  individual  leukocytes  or  a  mention  of  erythroblasts 
(corresponding  to  the  position  of  hematology  at  that  time)  was  not  made. 
Since  this  observation  has  been  widely  quoted,  yet  never  confirmed  by  another 
case,  the  most  natural  assumption  is  that  the  case  was  one  of  leukemia  from 
the  start  The  proportion  of  whites  to  reds  is,  as  is  well  known,  very  vari- 
able, even  in  leukemia,  and  recent  investigations  show  that  it  is  readily  in- 
fluenced by  intercurrent  affections  (see  pages  133  and  134).  On  one  day 
it  may  be  1 :  10,  on  the  next  1 :  50,  or  even  more,  so  that  the  diagnosis  of 
leukemia  is  possible  or  can  be  excluded  only  by  a  differential  count  of  the 
leukocytes. 

A  further  frequently  quoted  observation  of  Laache's  has  likewise  been 
made  the  premise  for  too  far-reaching  conclusions,  though  not  by  Laache 
lumsell  This  relates  to  a  patient  with  progressive  pernicious  anemia,  who 
manifested  several  weeks  before  her  death  marked  swelling  of  the  lymph- 
elands  and  a  small  splenic  tumor.  The  possibility  of  a  transition  of  pro- 
jpressive  pernicious  anemia  into  pseudoleukemia  was  at  once  jumped  at  and 
a  close  relationship  between  the  two  diseases  assumed.  Since  this  case  has 
remained  the  only  one  of  its  kind,  there  is  good  reason  for  thinking  that  it 
represents  a  coincidence  of  two  different  diseases.  Moreover,  this  case  comes 
from  the  period  before  the  general  employment  of  Ehrlich's  blood  methods. 

In  view  of  the  above-cited  communications  in  regard  to  asymp- 
tomatic intervals,  which  may  last  as  long  as  five  years,  the  criticism 
of  the  recoveries  reported  in  the  literature  is  evident. 

The  remark  "  discharged  cured ''  is  not  a  rare  one  in  the  literature ; 
but  in  only  an  extraordinarily  small  number  of  cases  do  we  find  that  the 
observer  had  the  opportunity  of  seeing  the  patient  after  his  discharge 
from  the  hospital.  This  being  the  case,  the  statement  is  wholly  justified 
that  the  patient  in  question  succumbed  to  a  relapse.  [Osier  ^  refers  to  a 
case  which  came  under  observation  in  1890  after  a  yearns  duration  of 
the  illness.  He  recovered  and  was  discharged.  In  1896  he  was  read- 
mitted to  the  hospital  with  cancer  of  the  stomach.  In  Pye  Smith's 
article  in  the  Gujfa  Hospital  Reports  20  cases  of  recovery  are  mentioned. 
One  of  .these  cases  treated  and  cured  with  arsenic  in  1880  was  found 
well  by  Colman  in  1890.  The  editor  has  had  2  cases  under  obser- 
vation more  than  five  years  after  their  cure  and  no  recurrence  had  taken 
place. — Ed.] 

The  statement  that  an  actual  cure  took  place  should  be  made,  accord- 
ing to  our  present  experience,  only  when  the  patient  remains  free  from 
a  paroxysm  for  at  least  five  years. 

A  case  of  Hayem's  (observation  V.)  of  a  severe  anemia  post  partum 
poflBibly  responds  to  these  demands.  Hayem  had  the  opportunity  of  seeing 
the  patient  several  times  up  to  five  years  after  recovery  and  she  presented 
00  symptom  of  an  anemia  throughout  this  period.  The  diagnosis  in  this  case 
18  in  our  opinion  by  no  means  absolute.     Megaloblasts  were  never  found 
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aud  the   color  index  of  the  red  l}lt>od-cori>usc'lei*  was  at  the  height  of 
disease  oidy  0.90  to  0.70.     Btill   numerous  megaloeytej?  were  |>re*ient  and 
the  clinical  picture  corresponded  exactly  to  progressive  peniicioiig  anemia. 

This  case  of  Hayem's,  if  jicknowledgwl  to  be  progressive  |>eraicious 
anemiti,  is  the  only  one  from  the  whole  literature  which  can  be  given 
as  an  example  of  lasting  recover)\  ,  Therefore  the  rarity  of  8ueh  an 
oocurrenoe  18  so  extreme  that  apart  from  botbriocephahis  anemia  we 
must  designate  the  disease  as  ineurahk. 

It  is  evident  from  what  hiis  been  said  in  the  different  sections  that 
we  have  no  positive  basis  on  which  to  make  a  prognosis  as  to  the 
course  of  the  disease,  its  probable  duration,  or  the  terminatioo  of  any 
single  attack.  We  can  not  foretell  with  certainty  a  fatal  termination 
either  from  the  clinical  symptoms  or  from  any  extremely  low  percent- 
age  of  blood-corpuscles  ;  for  the  patient  mentioned  by  Quincke^  in 
whom  the  lowest  number  of  corpuscles  (143,000)  ever  seen  in  a  living 
person  was  found,  recovered  completely.  The  morphologic  exami- 
nation of  the  blood  likewise  fails,  for  the  waiter  has  observed  one 
patient  recover  from  an  attack  which  showed  a  large  number  of  megalo- 
blasts,  complete  absence  of  eosinophile  cells,  and  marked  leukopenia. 
Generally  speaking  it  is  true  that  the  life  of  the  [>atient  is  in  greater 
danger  the  more  intense  the  individual  symptoms ;  for  instance,  the 
decrease  of  the  blood-corpuscles  to  under  a  million,  or  of  the  hemo- 
globin to  under  15  per  cent,  marked  p<jikilocytosis,  megaloblasta  i 
exclusively  without  normoblasts,  a  marked  preponderance  of  megalo«| 
cytes  over  the  other  forms,  etc.,  are  symptoms  indicating  a  high  degreel 
of  deterioration  of  the  blood  and  give  relatively  a  bad  prognosis, 
though  individual  cases,  as  mentioned,  may  controvert  all  reckonings. 

The  occurrence  of  enornjous  numbers  of  megalohlasts  and  gigauto blasts 
together  with  numerous  karyokiuelic  figures  may  possibly  l>e  of  ominous 
significance.  The  few  foldings  communicated  so  far  have  l>een  in  (mtienta 
who  succumbed  to  the  disease  one  to  two  day.*  later ;  still  morphologic 
examinations  of  the  blood  from  the  deci^iive  jteriod  are  wantinj^  in  VBi 
which  were  aroused  from  a  deep  coma  and  were  at  least  relatively  cored. 

[Dock  *  states  that  at  present  we  are  not  justified  in  ascribing  to 
mitoses  in  the  circulating  erythroblasts  any  diagnostic  or  prognostic 
value* — Ej>.] 

The  unfavorable  prognostic  sigiiificaDce  of  megaloblasts  and  of 
macrocytes  in  gcnend  is,  therefore,  only  conditional,  inasmuch  as  they 
only  establish  the  diagnosis  of  a  disease  which  is,  according  to  our  present  j 
knowledge,  incurable. 

*  2>an*  Amjc  of  Amer,  Pkymeiawt  1902. 
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still  a  few  wordi?  to  siiy  on 

t'aysal   therapy  is  capable  of  pm- 


At  the  dose  of  this  section  we 
bothriocephaliis  aucmia,  in  which  a 
duciiig  definite  cure.  Until  the  tupeworm  is  removed  these  cai^es  run 
a  course  io  do  way  different  from  the  other  ibrros  of  progressive 
pernicious  auemia.  Even  the  regeneration,  according  to  Schauman, 
Imtb  as  regiuxis  the  intTcase  uf  the  red  Idooil-coqju.selcs  and  of  the 
hemoglobin,  corresponds  cxatlly  with  what  has  iieeu  desiTibtxl.  On  an 
average  the  daily  increase  in  red  blood-corpUBcles  in  hk  ciises  amounted 
to  00,000  pro  die,  though  in  1  case  it  reached  the  enoruiouj^  number 
of  214,000.  The  ni|iidity  of  the  increaj^e  in  individual  cases  varied  from 
day  to  day,  and  was  usually  greater  at  the  beginning  of  convalescence 
than  later. 

On  accx:>unt  of  the  fact  that  tlie  hemoglobin  did  not  increase  hi  the 
flame  proportion  as  the  number  of  red  bloiid-eorpuscles,  the  color-index 
quickly  sank  to  normal  or  even  under.  Later  on  in  convalescence  the 
increase  in  both  procede^l  hand  in  hand.  The  observations  of  Sehauman 
in  relation  to  the  erythrohlasts  coincide  fully  with  our  previous  descri|>- 
tion,  Sehauman  completetl  these  investigations  l)y  determining  the 
average  diameter.  He  found  that  at  the  beginning  of  the  impnn^ement 
the  average  increased j  a  fact  which  he  is  inrlined  to  explain  by  the  dis- 
appearance of  the  small  forms,  though  undoubtedly  the  fartlier  maturing 
of  the  megaloblaats  existing  before  the  removal  of  the  woi'm  likewise 
plays  a  part.  Moreover^  Sehauman  himself  observed  an  absolute 
increase  of  macrocytes  in  the  bhx>d  ibllowing  removal.  I^^ter  on  the 
average  diameter  becomes  smaller  and  approaches  the  normal  with  the 
same  rapidity  that  the  macrocytes  disap[>ear  from  the  blood. 

Wlien  the  symptoms  of  Ixithriocephalus  anemia  disappear  after 
removal  of  the  worm,  we  can  undoubtetlly  speak  of  an  absolute  cure, 
Scbaumau  had  the  op{K>rtunity  of  observing  a  small  number  of  cases, 
for  four  and  even  eight  years  after  the  removal  of  the  worm,  and  con- 
vincing himself  that  a  complete  restitutio  ad  integrum  had  resulted 
and  persisted.  In  only  one  regard  did  a  portion  of  those  cured  show 
a  definite  weakness,  namely,  in  10  out  of  1*>  cases  examined  no 
hydrochloric  acid  was  found  in  the  gastric  juice.  J'roni  the  conclusions 
arrived  at  in  the  discussion  of  achylia  gastrica  and  its  rehuirm  to  j>ro- 
greeerve  pernicious  anemia  (see  p.  287),  this  may  be  explained  by  the 
assumption  that  in  these  cases  a  more  or  less  high  degree  of  anadenia 
developed  simultaneously  with  the  anemia,  which  was  no  longer  curable. 
Mention  has  been  made  in  another  section  that  the  general  condition  may 
be  exoellent  in  spite  of  the  atrophy  of  the  gastric  mucous  membrane. 

Scbauman's  material  gives  only  general  and  conditional  data  for  the 
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prognosis  of  boUirioceptialiis  aneniia  quo  ad  recovery,  since  a  definite 
conclusion  eau  not  lie  drawn  from  the  severity  of  the  anemia*  Vor 
cases  which  agree  exactly  as  far  as  the  l>l<M:Ki  examination  is  cuneern* 


terminate  sometimes    in   recovery,  again   in   death.     The  prognosis 
naturally  relatively  more  mifavonible  the  more  advanceil  tht^  deterio- 
ration   of    the    bloodj    fnr    iantancc,    the    red    blood-oorp uncles    under 
1,000,000  or  even  500,000< 


>edjl 
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COMPUCATIONS. 

The  complications  oocurriDg  in  progressive  pernicioua  anemia  are 

exceedingly  rare  and  the  disease  apparently  awakens  no  particular  sn»ifl, 
ceptibility  to  any  other.     At  most  the  only  suspicion  which  exists  is^ 
that  relative  to  the  development  of  gastric  earcinoma,  which  we  men- 
tioned previously*  ^M 

It  may  be  of  importance  to  know  that  valvular  defects,  which  are 
often  erroneously  diagnosed  in  progressive  pernicious  anemia,  have  been 
several  times  actually  found  at  autopsy ,  for  instance,  a  mitral  insuflS- 
ciency  in  1  case  of  Schumann's  and  a  complicated  valvular  defect  in  1 
case  of  Schauman's. 

In  comparison  with  other  anemic  conditions,  progressive  pernicioua 
anemia  shows  only  a  very  slight  inclination  to  thrombosis  formation  in 
spite  of  tlic  great  feebleness  of  the  heart,  a  circumstance  which  is  to 
be  explaiiie<l  by  the  diminished  coagulability  of  the  blood  (Birch- 
Hirsehfeld). 

The  occurrence  of  nephritis  (Laache)  is  worthy  of  mention,  sine 
these  two  diseases  show  several  features  in  common  in  their  gener 
pictures,  especially  albuminuria  and  edema. 

It  is  reuiarkable  tliat  the  disease  rarely  appears  to  pave  the  way  for  a 
tuberculosis,  in  spit^  of  its  not  infrequent  duration  of  several  years.  We 
have  observed  an  example  of  the  coincidetice  of  these  two  diseases  i^^m 
Prof.  Renver^s  war^l.  This  was  a  case  of  genera!  miliary  tuberculosis  of^| 
the  lungs,  in  which  the  blood  examination  showed  at  the  beginning  of 
observation  a  severe  progressive  pernicious  anemia.  That  the  blood- 
finding  was  not  to  be  referred  to  the  tuberculosis  is  evident  from  the 
fact  that  this  disease  progressed  to  death  within  a  few  months,  w^hil 
tlie  condition  of  the  blowl  p^ogre^ssively  improved* 

In  several  cases  of  Laache \s  the  occurrence  of  suppurative  foci  in 
different  localities  of  the  l>ody  has  been  noted.  In  1  ease  there  was 
a  formation  of  multiple  abscesses  in  the  skin,  in  another  a  unikteral 
suppurative  otitis. 
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DIAGNOSIS. 

The  diagnosis  can  sometimes  be  made  from  the  first  impression  pro- 
duced by  the  general  appearance  of  the  patient.  The  general  clinical 
picture,  which  has  been  drawn  more  accurately  in  another  section,  pre- 
sents several  symptoms  very  characteristic  on  the  first  glance.  The 
peculiar  color  of  the  skin,  the  intense  pallor,  the  apathetic  expression 
of  countenance,  and  the  frequent  slight  puffiness  of  the  skin  are  often 
so  conspicuous  that  they  alone  lead  to  the  diagnosis.  Naturally  a  care- 
ful examination  should  never  be  omitted,  no  matter  how  convincing  the 
general  appearance.  Still,  if  on  a  thorough  physical  examination,  it  is 
found  that  the  subcutaneous  fat  is  well  preserved,  that  the  heart  shows 
the  clinical  symptoms  of  a  fatty  degeneration,  that  the  retina  is  riddled 
with  hemorrhages,  and  that  there  is  no  severe  disease  of  the  internal 
organs,  a  conscientious  physician  can  consider  these  grounds  sufficient 
on  which  to  base  a  diagnosis.  For  even  to-day,  during  the  period  of 
hematoli^,  we  are  able  to  recognize  cases  of  progressive  pernicious 
anemia  reported  from  earlier  times  by  the  occurrence  of  these  well- 
marked  characteristics. 

Nevertheless,  when  one  of  these  cardinal  symptoms  is  not  evidently 
developed,  or  when  a  severe  organic  disease  is  discovered,  sufficiently 
serious  suspicions  should  be  aroused  to  make  an  accurate  examination 
of  the  blood  indispensable.  For  we  must  realize  that  the  diagnosis  from 
the  general  disease-picture  is  too  subjective  a  method  to  be  of  value  in 
doubtful  cases.  Moreover  every  one  of  the  sj)ecial  symptoms  may  be 
occasionally  observed  in  simple  anemias  of  severe  grade.  This  is  true 
of  the  incongruity  between  the  condition  of  nutrition  and  the  loss  of 
strength,  as  well  as  of  the  fatty  degeneration  of  the  heart  and  of  the 
retinal  hemorrhages. 

Still,  whoever  agrees  with  the  definition  of  progressive  pernicious 
anemia  as  a  disease  showing  blood  of  a  composition  corresponding  to  the 
embryonal  type,  will  naturally  consider  the  examination  of  the  blood 
indispensable,  even  in  those  cases  in  which  the  diagnosis  is  assured  by 
the  clinical  examination.  Moreover,  in  every  case  in  which  any  gap  is 
found  in  the  clinical  examination,  the  decision  must  rest  entirely  on  the 
result  of  the  blood  examination. 

In  making  a  diagnosis  the  examination  of  the  dried  stained  prepa- 
ration is  preferable  to  all  other  methods.  According  to  Hayem  and 
Laache  it  is  possible  by  the  estimation  of  the  number  of  corpuscles, 
and  of  the  percentage  of  hemoglobin  and  by  the  determination  of  the 
color-index,  to  separate  progressive  pernicious  anemia  sharply  from 
other  anemias,  yet  this  is  accomplished  only  by  several  diffisrent  exam- 
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iiiiitions,  requires  aystly  apparatUH^  is  very  tedious,  and  refjuires  eonsfani 
practiec,      [Tlic  methods  referred  to  arc*  so  t^mstatitly  employed  by  care*l 
tbl  praciitiouers  that  this  criticism  seems  strained. — Ed.] 

In  the  examination  of  the  dried  stained  preparation  attention  ua 
first  diroeted  ti»  the  diameter  of  (he  red  bhod-corinm-leji.  The  inex^' 
perienced  will  do  well  to  have  at  hand  for  ctmiparisou  a  preparatioo 
of  normal  bloody  though  with  practice  it  is  easy  to  reo<^nize  without 
comparison  and  without  a  micrometer  whether  the  diameter  of  the 
individual  blood-discs  is  larger  than  normal.  If  only  isobte<i  red 
blocxl-corpnscles  exceed  the  normal  size  the  finding  may  be  n^lected  j 
but  if  a  larger  number,  for  instance,  one-fourth  of  the  entire  number^H 
exceeil  the  normal,  this  indicates  an  anomaly  of  bloijd  formation.  True, 
there  is  another  condition  in  w^hich  macrocytes  may  l»e  found  in  the 
blood,  namely  (according  to  v,  Limt>eck),  in  icterus  ;  and  Gram  and 
Engelson  contend  that  the  enlargement  in  this  disortler  may  l>e  quite  con- 
siderable. When  icterus  exists,  therefore,  great  caution  should  l>e  ex- 
ercised in  determining  the  siguifiamce  of  the  megalocytes.  Still,  if  the 
enlargement  is  marked  and  affects  a  large  number,  if  forms  of  once 
and  a  half  or  double  the  diameter  of  the  normal  occur,  and  more  than 
half  of  all  the  discs  are  affected,  the  diagnosis  of  pn)gre^s8ive  jternicious 
anemia  is  practically  positive,  since  the  only  explanation  for  the  occur- 
rences of  so  many  very  large  oon-nucleated  discs  in  the  bK>od  is  their 
origin  from  megaloblasts,  of  the  presence  of  which  in  the  bone-marrow 
they  arcj  therefore,  a  direct  prtxtf.  [Capps  has  suggested!  determining 
the  "  volume-index  "  of  the  red  corpuscles  by  enumerating  the  red^| 
corpuscles,  and  determining  the  bulk  of  t^:>rpuseles  with  the  hemat4>crit.  ~ 
If,  for  example,  the  bulk  exceeds  one*fifth  the  normal  bulk  when  tlie 
count  is  1,000,000  (one-fifth  normal),  the  volume-index  is  high.  He, 
found  such  a  high  volume* index  regularly  in  exacerbations  of  the  dis*. 
ease. — Ed,]  The  finding  of  micnx'ytes  or  of  a  considerable  alteration  in 
shape  is  a  feature  of  every  severe  simple  anemia,  and  Ls  consequently  of 
no  value  in  the  diagnosis.  ^| 

Since,  however,  errors  may  arise  as  to  the  relative  size  of  the  red  ~ 
blo<xl-corpuscle8  on  account  of  certain  technical  imperfections  in  the 
preparation  of  the  specimen  (see  page  2B),  the  finding  of  megftltj- 
blasts  becomes  of  the  greatest  importance.  The  principal  sigoificanoe 
of  these  cells  lies  in  their  preseriec  in  the  bone-marrow,  anti  this  is  suffi- 
ciently demonstrated  by  the  apj>earance  of  their  non-nucleated  deriva- 
tives in  the  blood,  still  diagnostic  errors  are  more  surely  avoided  when 
the  meg-aloblasts  themselves  are  found  in  tlie  blood.  Mention  bus 
several  times  been  made  that  their  demonstration  in  the  circulation  fre- 
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quently  requires  considerable  patieiice.  The  negative  result  of  an  ex- 
amination i.s  the  only  rea^^on  for  a  ivpetition  within  a  shijrt  iK»riod,  and 
the  absence  of  inegulobhi^ts  should  lie  statetl  with  certiiinty  tinly  wlien 
they  are  not  found  in  several  preparations  examined  preferably  on 
86 vera]  consecutive  tlay.s. 

The  ptisitive  lindiug  tA  undoubted  megaloblastn  in  assiJciation  with 
numl>ej^  uf  niegalocytes  is  pathognomonic  for  progressive  t>erniciou8 
anemia  since  they  sIkjw  indisputably  that  the  formation  of  blo<xl,  at  least 
in  |)arts  of  the  bone-marrow,  va  following  the  embrj'onal  ty|)e,  which  is 
pathologic  for  adult**. 

How  the  occurreucse  of  isolated  megaloblastic  found  by  a  few  investi- 
gators in  other  diseasets,  for  instance,  chlorosis  ( Hammerailikg),  is  to 
be  explained^  is  still  an  unsolved  qnestion.  That  even  in  these  cases  it 
indicates  a  special  peculiarity >  is  evident  from  the  fact  that  among  so 
many  blood  examinations  as  are  at  present  undertaken  in  hospitals  it  is 
so  rarely  found.  The  most  natural  e.xplanation  is  that  these  cases 
represent  the  b^inning  of  a  true  progressive  pernicious  anemia; 
the  only  further  fate  of  these  jjatients  oould  decide  this.  It  is  also 
conceivable  that  a  specific  irritation  is  sufficiently  strong  to  produce 
a  m^aloblastic  degeneration  in  a  small  area  of  the  bone-marrow, 
which,  with  the  removal  of  the  irritation,  proceeds  no  farther  and 
retrogresses. 

When  megaloblasts  are  not  found  on  repeated  examination  of  the 
bloodj  the  diagnosis  of  progressive  pernicious  anemia,  based  on  the 
clinical  symptoms,  does  not  necessarily  fall  to  the  ground.  As  ex- 
plained above,  the  diagnosis  in  this  case  may  be  made  from  the  non- 
nucleated  red  blood-corpuscles,  A  blotxl  of  fironouneed  megalocytic 
character  is  characteristic  of  progressive  pernicious  anemia,  even  without 
tn^:aloblast6.  If,  on  the  c*)ntrary,  the  blood  contains  only  small  forms 
poor  in  hemoglobin  or  a  majority  of  such  corpuscles  (see  Plate  I.,  Fig, 
2),  the  anemia  must  be  reckoned  among  the  simple  anemias.  More- 
over, whe^  the  examination  for  megaloblasts  is  negative,  we  must  be 
mindful  of  the  fluctuations  aifecting  the  blood  in  the  course  of  the  dis- 
ease, for  a  short  time  after  a  nc^tive  finding  an  examination  may 
prove  positive. 

[Referring  to  the  diagnosb  of  pernicious  anemia^  Lipowski  ^  states 
that  megaloblasts  are  not  infrequently  absent  from  the  blood.  He  re- 
portit  an  instance  in  which  the  hemoglobin  fell  to  10  |>er  cent,  and  the 
red  corpuscles  to  800,000^  and  in  which  there  were  hemorrhages  from 
the  skin,  changes  in  the  eye  grounds,  and  irregular  fever,  but  at  no 
^DeurtcA.  Mtd.  Woek,  May  24, 1^0. 
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time  were  morphologic  changes  in  the  corpuscles  observed,  excepting 
some  change  in  ir^ize  very  late  in  tiie  disease, 

William  Pasteur^  communic^ited  to  the  Clinical  Society  of  London  a 
case  of  pernicious  anemia  in  a  man  aged  twenty-four,  who  had  left  his 
work  three  weeks  before  on  account  of  weakness  and  breathlessoess. 
He  was  extremely  anemic.  The  spk^n  was  not  enlarged.  He  was 
suffering  from  double  hemorrhagic  neuroretinitis.  His  sight  bad  grad- 
ually failed.  There  was  modcmtc  fever.  The  i>Ioo<l  showed  marked 
oligocythemia  witliout  high  color-index.  The  leukocytes  nuriilKTod 
2600,  there  being  a  relative  lymphocytosis ;  no  megaloblasts  or  fK»ikiio- 
cytes  could  be  found  in  the  blood.  The  autopsy  showed  marked  iron 
reaction  id  the  liver,  and  a  slight  reaction  in  the  s{)]t*en  and  testis.  The 
chemic  reaction  showed  six  times  the  average  amount  of  iron  in  the 
liver.  The  marked  and  rapid  hemolysis  led  him  to  classify  the  case  as 
one  of  pernicious  anemia.  The  absence  of  characteristic  changes  in  the 
blood  was  the  important  feature. 

R.  C,  Cabot  ^  states  that  megaloblasts  predominated  at  the  final  ex- 
amination in  37  cases,  but  were  absent  in  3  cases,  in  which  only  one 
examination  was  made. — Ed.] 

The  occurrence  of  normoblasts  carries  oo  weight  in  the  diagnosis. 
The  simultaneous  presence  of  megaloblasts  and  normoblasts  gives  no 
reason  for  doubting  the  diagnosis,  since  it  merely  shows  that  th^i^J 
megiiloblastic  degeneration  does  not  affect  the  entire  bone-marrow.  ^^ 
Still,  from  a  nnmber  of  observati(*ns^  we  are  able  to  draw  the  conclu* 
sion  that  the  occurrence  of  normoblasts  in  large  numbers  is  sometimeS' 
the  forerunner  of  a  beginning  remission.  ^H 

The  whlk  bhod-^corpu^rka  play  an  insignificant  role  in  the  diagnosis* ^^ 
In  onler  to  make  them  of  value  in  the  diagnosis  it  is  necessary  to      y 
rej>eat  the  examination,  becimse  the  leukopenia  ordinarily  .seen  In  pn>-^| 
gressive  pernicious  anemia  may  at  any  time  l>e  wanting,  owing  to  acci-^nl 
dental  complications,  and  in  the  same  way  the  mi)re  or  less  marked  ji 
hyperlenkocytosis  nsually  present  in  simple  anemia  may  show  fluctua^^| 
tions  which  can  lead  to  error.     In  those  cases  of  Ehrlich  and  others  in 
whicfj,  in  spite  of  a  severe  anemia,  a  metaplasia  of  the  bone-marniw  did 
not  take  place  (*^  aplastic  anemia  "),  the  persistent  leukopenia  decided 
the  diagnosis.     It  was  shown  that  the  leukopenia  (relation  of  whiter  to 
reds   1  :    1000;   red   bk^KlH^orpn soles   213,360)  was  prniluced  by   the 
absence  tif  the  bone-raarrow  cells,  so  that  only  14  per  cent,  of  poly- 
nuclear  neutrophiles  were  present,  while  eosinophiles  and  nucleated  red 
blood-corpuscles  were  entirely  wanting.     On  this  account  Ehrlich  con- 

*  Laruxtj  Nov.  21,  19QS<  *  American  Jour,  of  Med.  Scimeeg^  August,  190D. 
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tended,  and  his  view  was  coDfirmed  by  autopsy,  that  there  was  no 
transformation  of  fatty  into  red  marrow ;  in  other  words,  that  this  was 
not  a  case  of  genuine  progressive  pernicious  anemia. 

The  cases  of  metastatic  tumors  (carcinoma,  sarcoma)  in  the  bone- 
xnanow  (K  Lazarus,  Epstein),  which  strictly  can  not  be  reckoned  with 
[progressive  pernicious  anemia,  are  clinically  differentiated  from  it  with 
<iii&culty,  though  characteristic  differences  in  the  blood-cells  will  indi- 
cate the  proper  diagnosis.    In  contrast  to  progressive  pernicious  anemia, 
the  cases  in  question  showed  a  considerable  increase  in  leukocytes,  so  that 
the  proportion  of  whites  to  reds  was  1  :  50,  even  1  :  25.     Moreover, 
from  Epstein's  report,  it  is  evident  that  in  his  patient  there  was  not 
only  a  marked  polynuclear  hyperleukocytosis,  but  even  numerous  neu- 
trophile  and  eosinophile  myelocytes  in  the  blood.     Further,  the  number 
of  nucleated  red  blood-corpuscles  was  much  greater  in  these  two  obser- 
vations than  is  usual  in  progressive  pernicious  anemia.     (In  contrast  to 
this,  several  cases  of  bone-marrow  tumors  have  been  described — Noth- 
oagel,  Ehrlich,  E.  Grawitz) — which  ran  their  course  without  special  mor- 
phologic alterations  in  the  blood ;  in  fact,  rather  under  the  picture  of 
a  severe  simple  anemia  or  that  of  an  '<  aplastic  "  anemia.) 

[Thomas  Houston  ^  has  published  some  very  interesting  observations 
relating  to  the  conditions  that  simulate  pernicious  anemia.  First  of  all 
he  reports  a  case  of  generalized  secondary  carcinoma  invading  the  bone- 
marrow  among  other  structures,  in  which  the  morphology  of  the  blood, 
the  clinical  symptoms,  and  the  state  of  certain  parts  of  the  bone-marrow 
simulated  exactly  the  conditions  found  in  typical  pernicious  anemia. 
He  enters  into  debiil  r^arding  the  blood,  especially  with  regard  to  the 
high  color-index  and  the  presence  of  megaloblasts,  and  shows  how 
exactly  this  case  corresponds  with  pernicious  anemia.  The  pathologic 
examination  did  not  show  the  hematogenous  iron-pigmentation  met  with 
in  pernicious  anemia,  but  this,  he  thinks,  might  be  explained  by  the  exten- 
sive cancerous  invasion  and  the  consequent  destruction  of  liver  function. 
Leaving  this  case  out  of  consideration,  the  author  states  that  his 
experience  affords  no  justification  for  the  view  that  has  been  held  that 
it  is  impossible  to  differentiate  between  the  blood  of  |>ernieious  anemia 
and  certain  grave  secondary  anemias.  He  tabulates  over  150  cases  with 
hemoglobin  below  50  per  cent.,  including  a  number  of  cases  of  per- 
nicious anemia  and  various  forms  of  secondary  anemias.  Only  1  of 
the  cases  of  pernicious  anemia  showed  a  color-index  below  1.0,  the 
figures  being  0.96,  and  only  1  case  not  pernicious  anemia  (the  case 
before  referred  to)  an  index  above  1 .0. 

>  BrUi8h  Med,  Jour.,  November  13,  1903. 
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Among  the  eouditious  said  to  simulate  jK^mieious  aiieinm  are  hemor- 
rhagic; intei!ttinal  panioit<:!s,  pR^gnaDcv,  ami  eaiieer.  With  regard  to 
hemorrhage,  he  opposes  the  view  of  Stoekman  ver)'  earnestly,  and 
shows  thai  the  blood-condition  after  hemorrhage  in  essentially  a  chlo- 
rotic  one,  without  a  meguloblaiitie  character.  He  contends  that  the 
criteria  for  the  iliagiiosis  of  j>eriiicioys  anemia  use<l  by  Stockman  in  the 
interpretation  of  some  of  his  cases  are  unreliable.  With  regard  to 
parasites,  aiul  esjiecially  anchylostoma,  he  holds  that  the  color-index  ia 
low  and  tHJsinophilia  is  common,  conditions  not  found  in  pernicious 
anemia.  He  quotes  Ehrlieh's  admission  that  bothrlocephalus  anemia 
may  be  identicid  with  pe*rnicious  anemia,  and  it  may  be  assumed  that 
he  accepts  this  with  Ehrlich's  explanation  that  there  is  a  sjiec^ific  toxic 
irritation  of  the  l>one-niarrow.  With  regjirtl  to  pregnancy,  Houston 
found  that  all  of  his  cases  of  severe  anemia  were  of  the  secondary  type- 
He  quotes  Ewing  and  Ahlfeld^  each  of  whom  states  that  in  a  large  ex* 
pericnce  no  case  of  pernicious  anemia  has  been  found  associated  with 
pregnancy.  Finally,  Houston  tabulates  a  number  of  e^sei^  of  cancer 
with  marked  anemia  to  show  that  such  cases  do  not  show  the  condition 
of  the  blood  seen  in  jjemicious  anemia.  When,  exceptionally,  such 
characters  are  seen,  it  is,  he  thinks,  due  to  malignant  de|>osits  in  the 
bone-marrow, — Ed.] 

The  other  physical  and  clinical  methods  of  examination  of  the  blood 
are  of  no  valne  in  the  diagnosis.  The  observations  are  still  too  scanty 
to  draw  <liagnostie  conclusions  from  the  diminution  of  the  coagulability 
of  the  blood  as  demonstrated  by  Hayem  and  his  pupils. 

If  the  diagnosis  of  progressive  pernici^jus  anemia  has  been  made  by 
the  clinical  and  hematologic  examination,  an  awurate  and  freijuently 
repeated  macroscopic  and  microscopic  examindtimt  ofthe/eceH  should  be 
made  in  order  to  determine  the  presence  of  tapeworm  S4^gments  or  eggs. 
If  this  examination  is  repeatedly  negative  and  the  strength  of  the  i^tient 
allows,  an  anthelmintic  should  l>e  given  in  order  to  render  the  diagnosis 
secure  and  perhaps  bring  about  recovery  at  the  same  time. 

Differential  Diagnosis. — Sinw  we  have  now  learned  tlie  data 
on  which  to  make  a  diagnosis  in  doubtful  cases,  it  is  sufficient  to  indicate 
brieJly  the  ci^nditions  which  may  be  clinically  confused  with  progressive 
pernicious  anemia : 

1,  Different  forms  of  acute  and  sul>acute  euffocardith.  The  sub- 
jective and  objective  symptimis  on  the  |»art  of  the  heart  are  often  so 
pronounced  in  severe  eases  of  progressive  pernicious  anemia  that  they 
may  readily  mislead  to  the  diagnosis  of  endocarditis.  The  intensity  of 
the  murmurs  especially  is  frec^uently  such  as  to  occasion  surprise  oa 
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the  discovery  of  a  negative  ptistniiirtera  finding  or  the  cessation  of  the 
symptoms  with  the  i^ietting  in  of  a  remi.ssiiju.  The  difficulties  of  the 
physical  diagnosis  are  increa.sed  by  the  fact  that  progressive  pernicious 
anemia  may  be  associated  with  hydropericardiiim  and  high  lever,  and 
that  on  the  other  hand  septic  end^xmrditis  as  well  as  other  septic 
processes  may  lead  to  severe  anemia  (FischI  and  Adicr).  Eicldiorst 
was  justified  in  bis  statement  from  the  standpohit  of  licmatology  at  the 
time  of  his  monograph  that  the  differential  diagnosis  1x4 ween  acute 
endocarditis  and  progressive  |>ernicious  anemia  *'  may  present  uncon- 
querable difficulties." 

2.  The  clinical  differentiation  of  a  progressive  pernicious  anemia 
from  a  concealed  gaMrie  carcinoma  may  likewise  present  unconqueruble 
difficulties.  The  gradual  increase  in  cachexia,  obstinate  anorexia,  intense 
nausea,  dysphagiaj  vomiting,  heraat^mesis,  the  sensitiveness  of  the 
gastric  region  to  pressure,  and  tlie  persistent  absence  of  free  hydrtichloric 
acid  are  symptoms  iximnioo  to  Ijoth.  If  the  examination  of  the  blood 
shows  undoubtedly  the  presence  of  a  simple  anemia,  tlie  diagnosis  of  carci- 
noma is  assured,  but  if  the  composition  of  the  blood  is  that  of  progressive 
pernicious  anemia,  the  presence  of  a  carcinoma  ventricnii  is  not  excluded, 
aa  has  been  shown  in  the  s|>ecial  symptomatology  (p.  243), 

3.  Occasionally  the  spinal  symptoms  are  so  prominent  that  the  dis- 
ease may  be  mistaken  for  a  pure  spinal  affection.  It  is,  therefore, 
advisable  to  control  ever^''  ease  of  spioid  disease  associatetl  with  anemia 
by  a  careful  examination  of  the  blocxl. 

4.  Subacute  cases  of  progessive  pernicious  anemia  which  came  under 
the  eyes  of  the  physician  only  when  well  developed  have  given  rise  to 
confusion  with  typhoid  fetHT  (Biermer)  and  7nauttf/iti<  (Laache)  on 
account  of  the  severe  general  symptoms,  the  stu|K>r,  the  high  fever,  and 
the  diarrhea. 

5.  The  occasionally  observed  bronzing  of  the  skin  (see  p.  263)  may 
lead  to  c<jnfusion  with  Addison's  disciise. 

6.  Finally,  we  must  mention  Eichhorst's  rare  iindbg  of  a  hemor- 
rhagic hydrothorax  in  several  cases  of  progressive  ]>ernicious  anemia, 
since  this  is  ordinarily  considered  pathognomonic  of  a  thoracic  neoplasm. 


THERAPY* 

CAUSAL  TREATMENT. 

No  treatment  of  progressive  pernicious  anemia  directed  against  lU 
cause  lias  as  yet  been  found  eJEcept  for  the  forms  produced  by  intestinal 
para^teSi  especially  the  Ikjthrioeephalus  latus.     As  a  matter  of  fact. 
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the  removal  of  the  wnmi  in  these  cases  firi?t  dt'iBtnibtratetl  that  the 
parasite  wani  rei>piiisil)le  for  the  disease. 

Exlraot  of  felix  mas  id  its  ordinaiy  dose^  (2-4  gm.)  should,  as 
a  nile,  bo  administer^]  at  once  after  the  diuguosis  oi'  prog^ressive  per- 
nicious anemia  and  the  presence  of  tapeworm  eggs  or  segments  has 
been  determined.  8till,  in  cases  which  come  into  the  hands  of  the 
physician  in  a  condition  of  intense  weakness  with  severe  gastric  8ym|>- 
tom>j,  uncontrolhible  vomiting,  and  obstinate  diarrhea,  symptomatic 
treatment  is  necessiiry  before  the  remedy,  which  is  very  severe  even  in 
heahh,  is  administered. 

According  t<)  Schapiro  and  Schaimian  the  admini>tratiou  of  the 
extract  of  felix  mas  is  frequently  followeil  even  in  previously  apyretic 
cases  by  a  considerable  rise  of  tcm|>cratnre.  In  a  case  described  by 
Schapiro  the  fever  rose  gra<hially  till  it  raiehed  40  to  40.5^  F.  on  the  fifth 
day,  an  the  following  day  it  fell  l>y  crisis,  and  thereafter  the  curve 
remained  normal.  In  Scliauman's  c^ses,  in  which  a  fever  already 
existeil,  the  tempenttnre  did  not  sink  immediately  after  the  removal  of 
the  worm,  but  remained  elevatcfl  for  several  days  to  two  weeks ;  in  1 
case,  to  one  and  a  half  months.  In  general,  the  convalescence  and  the 
regenemtifin  of  the  blood  showetl  a  course  similar  to  that  descril>ed  in 
remissions. 

The  comparative  harmlessness  of  this  treatment  makes  it  advisable 
to  use  It  even  in  causes  of  progressive  pernicious  anemia  in  which  eggn 
or  segments  have  not  been  found  as  soon  as  the  strength  of  the  patient 
and  the  c*>ndition  of  the  gsistnvintestinal  canal  allows  it.  A  negative 
histxjry  should  not  prevent  this  treatment;  infection  with  Bothrio- 
cephalus  latus  may  at  the  present  day  (XN^ur  in  any  locality,  even 
though  the  patient  never  visitcil  a  particularly  predisposed  district.  In 
fact,  only  hitcly  the  trans|x>rtation  of  sea-fish,  to  which  is  fre<piently 
ascribcfl  a  role  in  the  infection,  hns  taken  on  extraonlinary  dimensions. 

The  treatment  may  he  considered  causal  when  it  is  directed  to 
remove  or  render  harmless  the  hypothetic  toxins  thought  to  be  produced 
in  the  intestinal  cjinal  and  exereist*  a  hemrilytic  eifeet. 

Such  an  attempt  was  first  reporter!  by  Jurgensen,  who  administered 
extract  felix  mas  iu  a  severe  case  with  the  result  that  a  rapid  im- 
provement set  in^  though  nothing  like  a  taj>eworm  was  at  any  time 
found  in  the  Bt<x»ls.  Jiirgtmsen  attributed  the  improvement  to  the 
energetic  evacuation  of  the  intestine  and  the  removal  of  enormous 
numbers  of  "  bacterium  ternKi.- '  Sandoz  observed  "  recovery  "  in  a  case 
of  progressive  |H^niicions  anemia  after  repeated  washing  out  of  the 
stomach.      Dieballa   ascribes    complete    disap|)earauce  of   the  anemia 
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in  1  of  his  cases   to  large   doses   of  salol    (5   gm.  pro  die).      He 
had  treated  this   case  without  result  by  a  series  of  other  methods 
reoommended  for  progressive  pernicious  anemia.     He  represents  the 
action  of  the  salol  as  similar  to  that  for  which  it  is  recommended  in 
cholera,  namely,  after  breaking  up  into  phenol  and  salicylic  acid,  it 
sappresses  by  its  disinfecting  properties  abnormal  intestinal  fermenta- 
tion.   Dieballa's  hypothesis  is  deprived  of  every  theoretic  foundation 
hy  the  exact  investigations  which  have  shown  the  impossibility  of  dis- 
infection of  the  intestinal  canal   (Stern).      The   improvement  of  his 
patient,  therefore,  must  be  referred  to  other  factors  than  the  salol.     In 
case  constipation  exists,  however,  an  evacuating  treatment  should  be 
tried,  though  it  is  not  necessary  to  employ  the  energetic  and  undoubt- 
edly harmful  measures  of  Jiirgensen  and  Sandoz,  but  only  a  regular 
and  thorough  evacuation  by  mineral  waters,  salts,  or   clysters   con- 
tinued over  some  time.     It  has  been  demonstrated  that  at  least  the 
number  of  bacteria  in  the  feces  can  be  more  readily  reduced  by  this 
treatment  than  by  the  employment  of  agents  which  show  disinfecting 
properties  in  the  test-tube.     Moreover,  it  is  well  known  that  abnormal 
decomposition  in  the  intestine  can  be  effectually  controlled  by  dietetic 
n^ulations,  and  later  on  we  shall  see  that  in  progressive  pernicious 
anemia  in  particular  this  method  can  be  employed  with  the  greatest 
advantage. 

[Acting  upon  Hunter's  hypothesis  that  the  disease  is  a  streptococcus 
infection,  several  investigators  have  tried  the  effect  of  antistreptococcus 
serum  (McPhedran,  Walsh,  and  others),  but  the  results  are  uniformly 
disappointing.  Various  forms  of  mouth-washes  and  intestinal  anti- 
septics have  been  tried  on  the  same  hypothesis.  Hunter's  suggestions 
for  treatment  were :  (1)  Antisepsis  of  the  mouth ;  (2)  gastro-intestinal 
antisepsis ;  (3)  administration  of  arsenic ;  and  (4)  antistreptococcus 
serum. — Ed.] 

Org^anotherapy. — Some  investigators,  guided  by  the  results  of 
organotherapy  in  other  diseases,  have  tried  it  in  progressive  pernicious 
anemia,  proceeding  on  the  assumption  that  the  disease  takes  its  origin  in 
the  bone-marrow.  In  administering  marrow  they  have  sought  a  causal 
therapy.  The  literature  contains  rej>orts  of  such  treatment  from  Frazer, 
Barrs,  Dnimmond,  Pepper  and  Stengel,  Grawitz,  and  others.  The  last- 
named  authority  observed  absolutely  no  result  from  its  administration, 
while  the  others  attribute  to  it  the  recoveries  in  several  of  their  cases. 

In  the  majority  of  cases  the  marrow  was  given  fresh  or  in  a  glycerin 
extract,  and  it  was  found  that  after  a  short  time  patients  usually  maui- 
feeted  a  decided  distaste  for  it.     Barrs,  therefore,  has  offered  a  prepara- 
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tiou  wbich  was  adininistere<l  ami  well  Ixirne  for  moiilhs  in  a  daily  dose  of 
a!>out  90  ^m.  His?  reripe  it?  m  followt? :  ^0  gni,  fresh  red  marrow  is  beaten  up 
to  a  |jaste  with  alwjut  :jO  ^m.  port  wuie»  30  gm.  glycerin,  and  about  20  gm* 
geiatiu  ;  the  marrow  is  mixed  with  the  wine  aod  ihe  liquefied  gelatin  with 
the  glycerin  in  two  hot  mortars  and  the  two  mixtures  poured  together. 

From  the  obflervations  so  far  made  a  decision  can  not  be  reached  as 

to  the  thera|>eiitic  ette<'t  of  the  bone-marrow,  e^^pecially  since  in  several  of 
the  repjrted  ciises  it  was  given  only  in  conjunction  with  arsenic  or  some- 
thing else.  Those  wlio  refuse  to  accept  tbc  theoiy  that  progressive  per- 
nicious anemia  is  myelogenous  in  character,  see  in  the  adiuinistratioti 
of  b>ne-murrow  only  a  treatment,  and  not  a  very  energetic  one,  with 
iron  or  hemoglobin. 

We  must  finally  mention  Gnsserow's  causal  treatment  of  the  pro- 
gressive pernicious  anemia  of  pregnancy  by  the  induction  of  premature 
labor ;  its  complete  failure  has  prevented  obsftetricians  from  further 
attempts, 

TREATMENT  BY  THE   TRANSFUSION    OF   BLOOD, 

Years  ago  Gusserow  made  the  attempt  to  combat  the  severe  symp- 
toms in  certain  cas^s  by  the  transfusion  of  blood,  but  without  success. 
Later  a  whole  scries  of  other  clinicians  tried  the  same,  but  in  vain,  till 
Quincke  succeeilcd  in  obtaining  marked  improvement  in  1  case.  This 
case  is  the  one,  several  times  qiiuted,  in  which  Quincke  ftiund  that  the  num- 
ber of  red  blo(xl-ct^q>uscles  sank  to  1 43,000  per  c.mm.  The  intra-arterial 
tmusfusiou  of  8o  c.cm.  of  dctibrinated  human  blocxl  was  follow'wl  in 
twenty-four  hours  by  an  evident  change  in  the  general  condition,  and 
a  c<implctc  restomtiou  of  the  patient  within  sev^eral  months. 

From  the  numeruus  c^immnoiciitions  on  this  subject  in  which  reports 
of  success  and  failure  alternate  with  one  another  (compare  Haarth),  ihe 
writer  will  mention  only  that  of  Ewald,  because  in  none  of  the  other  pa- 
tients was  the  danger  of  death  so  threatening.  Ewald,  without  any  hope 
of  success,  but  only  desirous  of  leaving  no  stone  unturned,  made  an  in- 
travenous transfusion  of  85  c.cm.  of  defibrinated  IiIocmI  in  a  patient  who 
lay  in  the  deepest  coma  with  reflexes  practically  abolished.  The  first 
result  T»vas  manifest  on  the  following  day  in  a  return  nf  the  reflexes  and 
consciousness,  and  w  ith  astonishing  rapidity  tlie  patient  rfK!Uperated  so 
as  to  be  able  to  make  a  journey  after  several  months.  On  the  occur- 
rence of  a  relapses  al>out  six  months  later,  the  transfusion  of  300  c*cm, 
of  defibri natal  blorxl  was  completely  without  effect. 

Immetliate  effects  of  the  transfusion  were  manifest  in  almost  all 
cases  ID  marketl  anxiety,  dyspnea,  chill,  and  elevation  of  temperature 
to  39*^  or  40°  F.     AH  these  symptoms  disappciired  after  a  few  hours. 
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Tlie  hemoglobinnria  and  nephritis  observed  by  Quincke  immediately 
after  the  transfusion  likewise  disappeared  completely  within  a  short  time. 

To  these  2  cases  we  should  like  to  add  Haarth's  statistics  of  39 
cases,  in  which  the  result  was  positive  in  17,  inasmuch  as  a  temporary 
improvement  occurred  immediately  after.  Among  the  cases  showing 
n^ative  results,  there  were  a  great  number  in  which,  as  in  Ewald's 
case,  the  transfusion  was  tried  only  as  a  last  resort,  or  in  which  other 
severe  complications  were  present. 

In  consideration  of  these  facts,  it  is  in  the  writer's  opinion  impossi- 
ble to  doubt  the  influence  of  the  transfusion  of  blood.  But  one  must  be 
mindful  of  the  change  which  frequently  occurs  spontaneously,  or  after 
simple  symptomatic  therapy  in  equally  severe  cases  (compare  Renver's 
case,  p.  302),  and  must  recognize  that  the  administration  of  the  treat- 
ment and  the  beginning  of  the  remission  may  occur  at  the  same  time, 
purely  as  a  coincidence. 

When  we  look  for  an  explanation  of  the  favorable  eflTect  of  the 
blood  transfusion,  no  satisfactory  one  can  be  found.  To  attribute 
the  result  to  the  introduction  of  living  blood,  on  the  supposi- 
tion that  it  is  capable  of  taking  up  a  part  of  the  physiologic  function 
(Eichhorst,  Quincke),  is  not  compatible  with  the  fact  that  extremely 
small  quantities  of  blood  have  been  found  sufficient.  Ewald  injected 
85  ccm.,  Quincke  in  1  case  only  50  c.cm.,  and  Or6  saw  the  symptoms 
of  a  severe  pregnancy  anemia  disappear  within  several  weeks  after  the 
transfusion  of  40  c.cm.  Ewald  suggests  the  hypothesis  that  the  injected 
healthy  blood  acts  as  an  antitoxin  to  an  unknown  poison  circulating  in 
the  organism  in  progressive  pernicious  anemia. 

With  this  lack  of  a  theoretic  foundation,  what  are  the  indications  from 
the  experiences  so  far  reported  for  the  employment  of  blood  transfusion 
in  progressive  pernicious  anemia  ?  In  cases  which  manifest  a  severe 
but  not  an  immediately  dangerous  condition,  other  therapeutic  measures 
should  first  be  tried,  especially  arsensic.  Only  when  these  produce  no 
result  or  their  employment  is  impossible,  and  the  disease  symptoms  are 
evidently  progressive,  transfusion  is  to  be  done.  It  is  likewise  indicated 
in  all  severe  exacerbations,  in  threatening  collapse,  and  naturally  in 
coma.  When  done  with  care  no  objection  can  be  raised  against  it. 
From  the  observations  so  far  made,  no  injurious  effect  has  been  found 
apart  from  the  transitory  symptoms  mentioned  above.  (For  the  technic 
of  the  operation,  see  p.  175). 
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REMEDIAL  TREATMENT, 

ArseniC*^ — Since  Bjrom  Bramwell  recommended  the  use  of  ar- 
senic in  progressive  iiernicious  anemia  in  1877,  this  remedy  has  been 
employed  more  than  any  other  and  hai!i  even  acquired  the  reputation  of 
a  spceific.  With  few  exeeptions,  all  writers  unreservedly  attribute  tlie 
principal  effect  to  arsenic  in  cases  where  improvement  followed  its 
employment.  Padley  was  the  first  to  show  a  series  of  comparative 
statistics  in  regard  to  the  results  of  treatment  with  irtm  and  nther 
remedies  on  the  one  hand,  and  with  arsenic  on  the  other.  Among  48  crises 
in  the  firBt  group,  42  died,  2  were  still  under  treatment,  in  3  the  result 
was  not  given,  1  was  cured.  Among  22  treated  with  arsenic,  Padley 
observed  16  **  recoveries,"  2  improvemeots,  4  deaths;  among  57  treaited 
with  arsenic  Furbringer  reported  4  relatively  cured,  10  improved,  10 
unimpi'oved,  and  27  deaths. 

Still,  in  spite  of  these  statistics,  we  can  not  consider  that  the  favorable 
influence  of  arsenic  on  progressive  pernicious  anemia  is  inamtestible, 
For^  in  the  first  place,  we  find  that  the  t>ld  literature  liefore  the  intro- 
duction of  arsenic  descril^es  surprising  improvements  **  by  no  means 
rarely  "  (Eichhor^^t).  In  the  second  place,  not  a  small  number  of  ca.ses 
have  been  reporte<l  in  which  the  change  from  a  deei*  *'**"ii^^  occurred 
without  the  administration  of  arsenic  (see  p,  302).  Finally,  we  have 
8chaun)an*s  observation  that  in  18  cases  of  hot  hrioceph  a  I  us  anemia 
treated  with  arsenic  after  the  removal  of  the  tapeworm,  the  regcneratitm 
of  the  blood  was  only  slightly  more  rapid  than  in  12  treated  witli- 
out  arsenic. 

The  favorable  influence  of  arsenic  seems  to  the  writer  to  be  less 
marked  in  these  statistics  than  it  actually  is  in  the  course  of  individual 
cSLBeSf  e5|)ec!ally  during  the  stage  of  remission.  We  have  mentioned!  in 
another  place  the  genertil  tendency  to  changes  during  the  remissions, 
particularly  in  the  blotKl-picture.  For  instance,  we  suddenly  find  a 
more  marked  poikilocytosis,  isolated  examples  of  megalocytes,  more 
numerous  punctate  erythrocytes*  etc.  These  anomalies  disapj)ear,  as  a 
rule,  within  a  few  days  uj>nn  the  administration  of  arsenic  and  the  blood* 
picture  becomes  again  practically  norinal.  From  these  observations  it 
would  seem  that  arsenic  is  capable  of  suppressing  the  outbreak  of  a 
relapse.  In  this  seni^  Laache  thus  expresses  himself  in  n^erence  to  a 
case  observed  by  Malthe  :  "Fowler's  solution  places  the  disease  literally 
in  our  hands.- ' 

For  a  long  time  considerable  doubt  was  thrown  on  the  specific  effect 
of  arsenic  l»y  the  fact  that  theoretic  gmunds  for  its  curati%*e  action 
were  wanting,  especially  afler  several  investigators  (Stierlin  and  others) 
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had  jihowii  tltiit,  on  the  contmry,  it  exercL^ed  a  deleterious  infliience  on 
tbf  bltKjd.  The  roiooval  of  ihh  irap  has  Ixvn  arronipli«heiI  by  the 
rixviit  work  of  Bc^ttriuuiiij  who  dirtn'tc^l  his  iovcstigiitioiis  to  the*  nature 
of  arsenic-poisouiug  and  the  ahemtiorLs  iik  tlie  blood  tiiid  bone-raarrow 
prfxluccd  by  it.  From  these  invest i^t ions  we  are  able  to  draw  more 
delinite  conclusioiiiji  in  regard  to  tlie  therapentic  action  of  arsenic. 

IMtmann  sliowed  by  Ins  ex|ieriments  that  toxic  dose.^  of  arsenic 
protluoe  a  double  ejfeet ;  1.  Tbe  blood-of»rpiiscles  in  the  circulation 
become  lesti  resistant  and  are  destroyed  in  larger  nunihers.  2.  Young 
elements  with  undoubtedly  increased  resisting  power  are  thrown  into 
the  circulation  from  the  bone-marrow  in  numbers  exeet^ling  the  normal. 
The  lai^er  the  amount  of  arisen ic,  the  greater  the  <lestruction,  and  the 
severer  the  anemia.  From  this  we  may  draw  the  conclusion  (die 
cai'cful  ex j>eri mental  1  confirmation  of  which  would  be  very  desirable) 
that  on  the  administration  of  very  small  and  gradually  increased  quan- 
tities of  the  p<iis<jn,  the  damage  tu  the  corpuscles  in  the  circulation  is 
more  tlian  com|>ensiited  for  by  the  prtKluction  of  new  blood-corpuseles. 
Au  intimation  of  the  curative  poAver  is  evident  from  Bettmann*s  experi- 
ments on  tbe  effect  of  arsenic  in  animals  made  anemic  by  previous 
treatment  with  arsenic.  In  this  ciise  the  number  of  corpuscles  temj>o- 
mrily  increased  and  the  projKjrtions  of  individual  leuktjcytes  temijorariiy 
approached  the  normal. 

The  treatment  of  progresi^ive  |iernicioiis  anemia  with  arf^enic  as 
heretofore  practised  continues,  therefore,  to  hold  the  first  place.  In 
regard  to  its  practical  employment  in  tliis  disease  the  &arae  rules  apply 
as  in  its  administration  generally,  es|>ecial]y  the  regulation  of  a  gradual 
increase  in  dose.  We  Ix^gin  w^ith  very  small  quantities,  1  mg.  pro  die 
of  arsenious  acid,  in  doses  of  O.-'i  mg,,  and  increase  alxmt  0.5  in  two  to 
three  days,  in  other  words,  to  1  *5  mg.  Reasonably  small  doses  are 
almost  always  successful  and  the  maximum  officinal  dose  need  scarcely 
ever  be  emph^yed.  When  the  drug  is  well  liorne  and  has  produced 
improvement,  it  is  recomraendtKl  to  amtinue  the  remeily  at  the  highest 
dose  reached  for  several  weeks,  and  then  lessen  it  gradually  in  the 
manner  that  it  was  increasetl.  Even  during  complete  remission  it  is 
advisable  to  administer  the  arsenic  now  and  then  in  the  stime  way  for 
six  to  eight  weeks.  The  general  rule  must  also  not  be  forgotten  never 
to  give  preixirations  of  arsenic  on  an  empty  stomach. 

In  order  to  accomplish  the  gradual  increase,  administration  in  liquid 
form  is  usually  ret^om mended.  The  preparation  almost  always  em- 
ployed is  Fowler's  solution,  \k\  drops  of  which  contains  0,01  gm.  arseni- 
ous  acid.    Ziemssen  recommends  the  subcutaneous  injection  of  liq.  sodii 
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arseniosi ;  by  using  tliis  tNjth  the  digestive  distarl>anees  and  the  locaL 
caustic  efiect  oa'urriiig  after  the  injection  of  the  potassium  salt  are 
more  or  le.ss  avoided.  In  the  beginniug  he  injects  once  daily  0.25 
ccm.  of  a  1  per  cent,  solution  of  the  sodium  salt  and  iDcreases  gradually 
sodii  arseniosi,  correspondsi  to  the  maximum  dose  of  Fowler's  solution 
to  2  c.em.  pro  die  administercH:!  in  two  doses;  this  quantity  =  0.02 
pro  die* 

In  addition,  especially  for  long  administration^  drinking- water  con- 
taining ar&enie  hiis  l>c*_*n  recommended.  According  to  v,  Noorden  the 
following  corresponds  to  1  mg.  arsenions  acid  ; 

HoncegnQ  water    .< 8  ccm. 

Slrtmg  Levico  water    .    *    •    ,    • .    115    " 

Giilwrnuelle -    165     " 

Weak  Levico  water 1060    ** 

A  serious,  often  absolute  objection  to  arsenic,  is  its  allied  effects, 
which  consist  in  a  hyperesthesia  of  the  mucous  membrane  of  the  mouthy 
a  sensation  of  irritation  in  the  esophaguSj  and  severe  disturbances  of 
digestion — namely,  anorexia,  cardialgia,  nausea,  diarrhea — symptoms 
wliich  are  peculiar  to  progressive  pernicious  aueniia  apart  from  the 
employment  of  arsenic.  These  symptoms  deraantl  the  unconditional 
cessation  of  the  drug.  Another  symptom,  e*lcma  of  the  eyelids  and 
extremities,  ivhich  is  attributulde  to  the  chronic  action  of  arsenic,  is 
likewise  seen  in  progressive  pernicious  anemia.  On  the  appearance  of 
such  a  symptom  the  arsenic  tr^tmeut  must  be  stopped  for  a  time  in 
order  to  decide  whether  it  is  responsible. 

Recently  cacodylic  acid,  an  oi^nic  arsenic  ct>ml>i nation,  and  sodium 
cacodylate  have  been  recommended  as  vety  ctfct'tivc  substitutes,  which 
are  free  from  the  untoward  effects  of  arsenic.  According  to  Podalowski, 
Prochorow  was  the  first  to  observe  the  striking  tojiic  efiect  of  this  drug 
in  phthisic  patients.  Gautier  observt*d  very  good  results  from  the 
drug  among  others  in  anemic  easels,  and  found  it  was  borne  in  large 
doses  over  long  j>erif3ds*  I  know  so  far  of  no  commnnirations  in  regard 
to  itis  effect  in  the  treatment  of  progressive  |>ernicious  anemia. 

As  to  the  met  bod  of  employment,  Gautier  prefers  the  subcutaneous  injee- 
idon  in  the  following  formula  : 

Av'ul.  cacodylic 5.0  parta 

Natr,  l>j«irb .    .  q.  b.  ad  j^tiirat, 

Cocain.  hydrciclii *    .        .    ad.  0.8     " 

Crectst*!.   ',.,.....-....,,.,   git  5.0     *' 

Aq.  de.«t. td.  100.0     " 

Of  this  Gautier  injects  1  ccm.  daily  ;  after  a  week  he  allows  an  interral 
of  a  week,  anil  continueij  the  administration  in  this  wise  for  montha. 
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Iroti. — Trcutmtint  by  iron,  which  failed  m  i^ignally  id  the  hands  of 
tht*  older  physicians,  is  no  h mp^^r  pmt'tised  during  tlie  severe  stage  of  the 
djBease.  The  richne^ss  of  the  erythnjeytea  in  hemoglobin  and  the  large 
quantities  of  iron  stored  up  in  the  organs  show  that  there  is  no  defi- 
ciency which  might  demand  its  adniinistmtion. 

Alter  the  remission  has  set  in,  iron  is  sometimes  administereil  for  the 
purpose  of  increji^ing  the  ht^moglobiu  when  it  has  not  yet  reachetl  the 
normal,  or  in  general  as  a  tonic.  Still,  Litten  claims  that  he  lias  seen 
actual  injury  result  IVom  its  eoiploynieot  in  this  ^lisejise. 

Phosphorus  and  qtiinin,  which  were  tricHl  V^y  st  vend  investiga- 
tors before  the  intrcHhietion  of  arsenic,  are  mentioned  only  for  the  sake 
of  the  historic  interc^st* 

Uontgmann  tried  inhalations  of  oxygen  in  several  cases  of 
severe  simple  and  progres>ivc  |K'rniciuua  anemia.  A  dtK'ided  improve- 
ment was  noticed  in  only  one  patient.  The  lact  that  advance  in  technic 
has  lessened  the  trouble  and  tlie  cost  of  oxygen  inhalations  may  lead 
tf)  new  attempts  with  it. 


DIETETIC  AND  CLHVIATIC  TREATMENT. 

The  most  important  jirescription  regard iug  the  general  manner  of 
living  is  complete  rest*  In  severe  stages  of  the  disease  the  patient  is 
constrained  to  avoid  every  effort  by  the  intense  muscular  weakness,  hut 
with  improvement,  like  convalescents  generally,  he  readily  overei^ti mates 
bis  strength  ;  even  during  remissions  he  slioidd  confine  his  exertions 
within  the  limits  of  fatigue.  Every  effort  exceeding  tliis  moderation  is 
revenged  by  new  or  increased  disturbances  of  the  heart,  and  is  followed 
by  a  general  exhaustion  that  yields  only  gradually. 

The  s:ime  advice  of  rest  is  appliealjle  to  intellectual  work  ;  more- 
over, every  mentid  excitement  must  as  far  as  possible  be  eschewW. 

The  {>jitieuts  possess  a  very  slight  jKiwer  of  resistance  to  extremes 
of  temperature  ;  they  become  cold  very  easily  antl  must  c<insequently 
he  protected  by  special  room  temperatures  or  corresjx)uding  clothing; 
they  likewise  bear  high  temperatures  very  badly  and  should  avoid  being 
exposed  to  them. 

A  cJimatic  treatment  may  he  cousidere<l  in  the  case  of  more  resistant 
imtients.  So  far  we  have  no  communications  relative  to  the  efiect  of 
high  altitudes  on  the  composition  of  the  blood  in  this  disease.  Ncver- 
tlieless,  the  proof  that  an  inerea.sed  blood  production  takes  place  under 
tlie  influence  of  high  altitudes  may  be  Itxjked  on  as  establisheil,  and 
tills  18  a  sufBcient  reason  f(»r  bringing  suitable  cases,  especially  during 
the  hot  season,  to  moderate  altitudes,  for  instance,  800   to   1000  m. 
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The  rapiil  relaxatitui  which  patients  experience  in  higli  tcrajwratures 
make  Southern  eliniates  apparently  nnsnitable.  The  resiiiting  p^jwer 
necessary  to  withstand  ^^tttrniy  Wi-iither  forbids  sojourn  at  the  .sea. 

A  regular  general  massage  of  the  Iwdy  ^enietl  to  the  writers  very 
benefieial  in  several  patients  durintr  h*ng  reniissionh.  It  txiunteracts  the 
enforeed  inactivity  of  tiie  nmseles  and  is  to  be  decidedly  recommended 
when  an  inelination  to  e<leraa  exists. 

The  nutrition  of  the  |>atient  is  often  exceedingly  diffieult ;  in  severe 
cases  the  vomiting  and  the  absolute  distaste  for  every  kind  of  food  may 
render  it  inipossilde  to  give  any  nourishment  m  quantities  worthy  of 
consideration.  For  a  time  ai'ter  the  vomiting  ceases  we  mubt  be 
extremely  cautious  and  liunt  ourselves  to  tlie  JreijUent  administration 
of  small  amounts  of  liquid  nourishment.  As  a  rule,  milk  or  mixtures 
of  milk  with  coflee,  ten  or  oocoa,  and  grits,  rice  and  vegetable  soups 
are  horue  best ;  strong  irritants  like  alcohol,  strong  iofnsions  of  tea  or 
eoflfee  or  even  concentrated  bouillon,  are  not  borne  at  all*  Solid  fooil  is 
to  be  introduced  into  tlie  menu  very  gradually,  just  as  in  other  severe 
gaatro-intestinal  affections. 

A  very  frerpient  symptom^  even  during  advanced  convalescenoe,  is  a 
marketl  distaste  for  meat.  We  eim  and  must  reckon  on  this  and  limit 
the  patieut  to  a  vegetable  diet;  as  a  matter  of  fact,  this  has  re- 
cently been  strongly  recommended  in  anemic  conditions.  When  vege- 
table nourishment  has  been  earned  out  for  sevenil  week>s,  and  this 
readily  mcts  the  demands  of  the  IkwIv  on  accramt  of  the  avoidance  of 
exercise^  the  patient  usually  expresses  the  spontaneous  wish  to  have 
meat  addc<l  to  his  meals. 

Aecotxliug  to  Ncusser  this  tempirary  vegetable  diet  is  the  best 
means  of  ctun bating  the  increased  intestinal  dc*comf>osition,  so  that  in 
.some  cases  we  are  perhaps  actually  administering  a  causal  therapy. 

The  trwitment  of  sjK'cial  accidents,  for  instance,  collapse,  differs  iQ 
no  way  from  the  same  in  other  conditions. 


THE  NATURE  OF  PROGRESSIVE  PERNiaOUS  ANEMIA, 

In  the  imlividual  sections  on  the  etiology,  the  j>athogcnesis,  the 
sjTnptomatology,  and  the  pathologic  anatomy  of  progressive  i>ernicious 
anemia,  the  question  *if  its  nature  has  b(^n  frecpieutly  discussed..  In 
making  tlie  attempt  to  explain  exactly  tlie  nature  and  the  origin  of  tlie 
jmthologic  changes  from  the  material  at  hand,  we  must  not  forget  what 
was  said  in  the  intrmluetion,  that  anemias  only  arise  from  (a)  a  ile- 
fective  blood  formation^  (b)  an  increase  in  blood  destruction,  or  (c)  a 
ooiocidenee  of  both* 
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•  We  have  learned  to  recognize  as  the  most  important  characteristic  of 
progressive  pernicious  anemia  a  severe  disturbance  of  blood  formatiod 
expressed  by  a  m^aloblastic  degeneration  of  the  bone-marrow,  and  we 
have,  therefore,  associated  the  nature  of  the  disease  especially  with  this 
anomaly. 

An  increased  destruction  of  red  blood-corpuscles  is  shown  by  the 
almost  unexceptional  abnormally  marked  urobilinuria  during  life  and 
the  siderosis  of  the  diiferent  organs  post  mortem.  Whether  the  ab- 
sence of  siderosis  in  a  ^  few  rare  cases  indicates  that  an  increased  de- 
struction did  not  take  place  or  whether  the  products  of  destruction  had 
been  used  in  another  way  in  a  later  stage,  can  not  be  decided.  Still, 
the  assumption  can  not  be  denied  that  in  a  few  cases  of  progressive 
pernicious  anemia  an  increased  destruction  of  blood  failed  to  take 
place. 

What  significance  have  these  two  observations  in  the  pathogenesis 
of  progressive  pernicious  anemia?  Are  we  justified  in  seeing  in  one, 
that  is,  either  in  the  degeneration  of  the  bone-marrow  or  in  the  in- 
creased blood  destruction,  the  origin  of  the  symptoms  peculiar  to  the 
disease?  We  shall  be  least  likely  to  fall  into  serious  error  if,  before 
answering  this  question,  we  first  take  up  that  form  of  progressive  per- 
nicious anemia  the  etiology  of  which  we  know,  the  pathogenesis  of 
which  we  understand  pretty  well,  and  the  whole  symptomatology  of 
which  is  familiar  to  every  investigator. 

We  have  seen  that  we  are  justified  in  attributing  to  the  Bothrio- 
cephalus  latus  a  si>ecific  poison  capable  of  causing  an  outspoken  progres- 
sive pernicious  anemia.  To  attribute  to  this  poison  a  blood-destroying 
action  is  not  sufficient  to  explain  its  causation  of  this  particular  form 
of  anemia,  for  clinical  observation  and  experiments  teach  us  that  long- 
continued  blood  destruction,  sufficient  even  to  endanger  life,  leads  in  the 
great  majority  of  cases  not  to  progressive  pernicious  anemia,  but  only  to 
a  very  severe  simple  anemia.  When,  therefore,  we  find  that  a  disturb- 
ance of  blood  formation  is  added  to  the  increased  destruction,  this  also 
must  be  attributed  directly  to  the  influence  of  the  bothriocephalus  toxin, 
in  other  words,  the  anomalous  formation  and  the  increased  destruction  are 
coordinate  effects  of  the  same  cause.  Moreover,  we  can  conceive  from 
the  analogy  of  arsenic-poisoning  that  the  bothriocephalus  toxin  may 
under  particular  circumstances  exercise  only  one  of  these  two  effects. 
This  is  supported  by  the  fact  that  we  have  learned  to  recognize  further 
changes  in  the  body  which  can  only  be  regarded  as  the  direct  result  of 
the  poison  and  not  of  the  anemia,  namely,  the  atrophy  of  the  gastric 
and  intestinal  mucous  membrane  and  the  d^enerations  of  the  central 
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nervous  system.  These  do  not  occur  rtgularly  in  every  case^  but  in  one 
we  Bee  one  lesion,  in  a  .second  another,  in  a  third  both  together,  and  in 
still  others  none  of  them.  Whether  certain  mtxliticiUions  of  the  poi^^jo 
or  a  i>articular  prcilispositiuu  of  the  organs  in  question,  namely,  the 
bloodj  houe-marmw,  gastro-intestinal  mucous  membra ne,  and  nervous 
tissue  are  re?^[>on.sihle  for  the^se  differences,  we  arc  nut  prepared  to  state- 
Is  it  now  permissible  to  apply  tite  reasoning  evident  in  the  case  of 
Ixithriocephalns  anemia  to  other  forms  of  progrci?sive  pernicious  anemia? 
In  the  solution  of  tins  problem  experimentation  fails  ns  c^impletely. 
By  frequent  bleefling,  inanition,  infection,  and  intoxication,  we  are  able 
to  produce  anemias  of  the  severest  kinds,  but  the  picture  always  remains 
one  of  simple  anemia.  Even  with  the  specific  blfMxl -toxins  which 
directly  destroy  the  corpuscles  in  the  circulation,  we  can  only  pniduce 
conditions  which  show  a  combination  of  simple  anemia  and  herao- 
globinemia,  in  that  they  are  characterized  by  normocytes,  microcytes, 
normoblasts,  and  hemoglobinemic  inclusions.  When,  therefore,  cases 
of  progressive  pernicious  anemia  occur  that  are  undoubtc<lly  attribu- 
table to  these  causes,  we  must  confess  ignorance  of  the  factor  which 
prcKduces  this  transformation  of  a  simple  to  a  progressive  pcrnicioos 
anemia. 

We  are  still  less  in  a  position  to  exphiiu  the  pathogenesis  of  the 
krj^ptogenetic  cases.  The  best-known  theories  (Hunter,  Silhermann, 
Stockman)  all  attrihnte  their  origin  to  an  increased  destruction  of  blrnxl, 
and  are  differentiated  from  one  another  by  the  way  that  this  is  brought 
about.  It  is  evident,  however,  from  our  previous  discussion  that  this 
would  explain  only  a  single  symptom,  not  the  general  characteristics 
of  progressive  jiernicions  anemia. 

Moreover,  there  is  no  jKisitive  prcM>f  of  the  interdependence  of  the 
abnormal  blood  formation  and  the  inci'cased  bloml  destruction  on  one 
anotlier  in  the  sense  that  less  resLstcnt  elements  are  prtxluced  which 
succumb  more  readily. 

For  these  reasons  and  on  account  of  the  analogy  with  the  much 
more  apparent  conditions  in  bothriooephalus  anemia,  we  incline  to  the 
conclusion  that  the  megaloblastic  degeneration  of  the  bone-marrow,  the 
most  important  chanieteristic  of  progressive  pernicious  anemiii,  is  neither 
the  cause  nor  the  effect  of  the  increased  blmKl  destruction,  but  that  both 
are  the  result  of  a  common  cause.  As  long  as  we  have  no  other 
explanation  for  the  origin  of  this  megaloblastic  degeneration,  we  will 
consider  the  cause  a  toxin  having  a  specific  action  on  the  bcme-marrow* 
There  are  nndonljtcdly  a  large  number  of  such  toxins,  as  we  have 
attempted  to  show  in  the  section  on  Pathogenesis,  and  the  differences 
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in  the  manner  of  origin,  as  well  as  in  the  symptoms  in  different  cases, 
are  most  readily  explained  by  the  varying  action  of  different  toxins  to 
which  only  the  one  property  of  causing  a  megaloblastic  degeneration 
of  the  bone-marrow  is  common. 

In  representing  the  results  of  the  megaloblastic  degeneration  of  the 
bone-marrow,  we  must  remember  the  differences  stated  in  different 
sections  between  megaloblastic  and  normoblastic  formation  of  blood. 
According  to  Ehrlich  the  former  is  a  highly  defective  process  which 
lacks  the  power  of  compensating  for  the  loss  in  blood  elements.  The 
result  is  that  all  the  symptoms  of  simple  anemia  become  especially 
intense,  and  in  this  lies  the  pernicious  character  of  the  disease. 
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DEFINITION. 

A  DEFINITION  should  Dot  refer  to  the  symptoms^  but  to  the  nature 
of  the  disease  in  question.  Our  position  in  reference  to  chlorosis  is 
diificult;  since  we  are  still  absolutely  ignorant  of  the  character  of  the 
affection  and  any  attempted  accuracy  of  definition  would  meet  with 
some  contradiction.  However,  in  order  to  satisfy  the  requirements  of 
a  systematic  treatise  and  to  obtain  a  fixed  starting-point  for  diagnostic 
purposes,  it  is  necessary  to  outline  the  clinical  characteristics  of  the 


By  chlorosis  we  understand  a  disease  with  the  following  chief 
characteristics : 

1.  The  disease  occurs  exclusively  among  females,  is  exceedingly 
common  at  puberty  and  throughout  the  succeeding  decennium,  and 
shows  an  inclination  to  recur. 

[While  all  authorities  agree  that  chlorosis  is  a  disease  of  the  female 
sex — to  the  practical  exclusion  of  males — the  assertion  of  von  Noorden 
that  the  disease  does  not  occur  among  males  is  unwarranted.  Many 
competent  authors  might  be  cited  to  prove  the  occasional  occurrence  in 
young  men.  Any  theory  of  causation  that  is  based  upon  the  exclusive 
occorrence  of  the  disease  in  girls  or  women  is  open  to  question ;  at 
least  its  universality  of  application  can  be  denied.  Further  reference 
will  be  made  to  the  question  of  sex  when  the  theories  of  chlorosis  are 
discussed. — Ed.] 

2.  The  cardinal  symptom  of  the  disease  is  anemia  or,  more  accu- 
rately, an  impoverishment  of  the  hemoglobin  and  red  corpuscles  of  the 
blood.  This  anemia  is  reponsible  for  most  of  the  other  symptoms  of 
the  disease. 

3.  The  disease  apparently  develops  spontaneously — at  all  events  all 
the  causes  which  lead  to  similar  extreme  anemias  are  wanting. 

4*  If  complications  are  absent,  the  disease  impairs  only  the  state 
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of  Dutrition  of  the  blood  without  causing  any  deterioration  of  the 
nutritive  prcH^e^s  in  general. 

In  referene^  to  wliat  is  knuwn  of  the  nature  of  the  disease  we 
might  add  t 

5.  The  anemia  of  chlorosis  is  dependent  upon  an  in*>ufficieucy  of 
bliHid  prtrtluetiou  and  not  upon  an  increased  destruction  of  hemoglobin 
and  blo<Kl-e*jrpu*elcs, 

This  definition  needs  certain  explanations ;  further  demonstration 
is  also  required  tt»  indicate  in  which  direction  the  definition  is  to  be^ 
extended : 

1.  Anemic  conditions  also  occur  in  males,  which  arr  similar  to  the 
chlorosis  of  the  fennile  in  their  external  phenomena  and  in  the  beha\4or 
of  the  blood.  The  sexes  CiUise  such  a  great  variation  in  the  clinical 
picture  of  the  disease,  however,  tliat  the  ditrcrences  arc  more  striking 
than  the  points  of  similarity.  The  other  blood  diseasi'g,  such  as  the 
secondary  anemias,  pernicious  anemia,  and  leukemia  are  always  the 
same  in  both  sexe5.  This  is  not  so  in  chlorosis ;  the  sex  gives  to  the 
disease  its  distinctive  characteristics.  Until  the  actual  nature  of 
chlorosis  has  been  more  accurately  established  we  can  not  lose  sight  of 
tliis  Ifpng-reeognized  fact  without  being  led  into  the  most  dangerous 
diagnostic  errors.  We  may  ultimately  discover  that  chlorosis  is  due 
to  definite  anatomic  changes  in  important  organs,  to  anomalies  of  func- 
tion, or  to  toxic  effects,  for  example,  the  absence  or  excess  of  certain 
so-called  internal  secretions,  and  may  then  describe  many  apparently 
different  affections  under  the  heading  of  chh^rosis.  Until  we  have 
gained  such  a  broad  foundation,  the  chlorosis  of  the  female  should  not' 
be  classified  with  the  anemia  of  the  male. 

2.  Chlor<:)sis  and  anemia  are  not  identical.  The  former  is  a  disease, 
the  latter  is  a  syniptom  of  a  disease — in  this  instance,  a  symptom  of 
chlorosis.  In  pnictiee  it  is  frequently  difficult  to  diagnosticate  or  to 
exclude  chlorosis  where  anemia  certainly  exists*  The  difficulties  are 
greatest  at  that  age  of  life  in  which  chh^rosis  is  most  common,  since 
every  cause  of  anemia,  whetlier  it  be  external  or  internal,  may  at  thisi] 
time  prodnee  a  disease,  which  differentiates  itself  from  chlorosis  by  ita 
course  and  conseijuenees,  but  which  nevertheless  tends  to  present  the 
features  of  a  tnie  chlorosis. 

3.  When  we  say  that  the  development  of  the  disease  is  apparently 
spontaneous,  it  must  not  be*  underst^KHl  that  external  or  so-called  deter- 
mining causes  are  always  absent.  We  know  verj^  well,  for  example,, 
that  chlorosis  or  chlorotic  c^mditions,  at  least,  may  he  initiated  by  very] 
different   deleterious   influences.      It    is,    however,    very   questionable ] 
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wbetber  these  detrimeDtal  influences  do  more  than  cultivate  the  basis 
for  the  development  of  the  disease.  The  general  impression  is  obtained 
that  chlorosis  is  a  so-called  '^  endogenous '^  disease — L  e.^  a  disease 
requiring  a  particular  predisposition  for  its  development.  If  the  pre- 
disposition is  marked  the  chlorosis  occurs  under  all  conditions ;  if  the 
predisposition  is  weak,  the  disease  breaks  out  only  from  the  cooperation 
of  some  deleterious  external  influence. 

4.  In  the  course  of  the  description  of  the  disease  it  will  be  shown 
that  chlorosis  per  ae  exerts  no  detrimental  influence  upon  the  nutri- 
tive process  in  general ;  although  many  patients  become  much  reduced 
in  the  course  of  the  aflection,  an  explanation  is  always  to  be  found 
in  some  complication  or  in  the  greatest  neglect  of  the  requisite 
measures. 

5.  From  an  analysis  of  the  symptoms  it  will  be  shown  that  true 
chlorosis  ofiers  no  indication  whatever  that  it  is  an  '' anemia  from 
blood  destruction."  The  evidence  is,  nevertheless,  still  scanty  and  the 
author  hesitates  to  include  the  sentence  *^  the  anemia  of  chlorosis  is 
dependent  upon  an  insufficiency  of  blood  production  "  as  an  absolutely 
essential  part  of  the  definition.  He  is  indeed  convinced  that  time  will 
demonstrate  the  truth  of  this  assertion.  He  considers  the  anemia  of 
chlorosis  to  be  due  to  a  pathologic  impairment  of  the  energy  of  the 
blood-forming  organs. 

If  this  conception  proves  correct  we  shall  be  able  to  define  the  dis- 
ease with  more  accuracy.  It  would  then  be  necessary  to  separate 
chlorosis  from  other  anemias  which  are  also  due  to  deficient  blood  pro- 
duction and  in  which,  likewise,  there  is  no  increased  blood  destruction* 
This  may  be  done  in  one  of  two  ways : 

It  is  probable  that  we  shall  gradually  become  acquainted  with  all 
the  causes  which  lead  to  relaxation  of  the  blood-building  organs  in 
chlorotic  individuals,  and  chlorosis  will  then  be  defined  as  a  form  of 
atony  of  the  hematopoietic  organs  due  to  definite  and  specific  causes. 

On  the  other  hand,  the  conception  of  chlorosis  may  be  made  to 
include  all  anemias  which  are  not  caused  by  increased  blood  destruction, 
bat  by  deficient  blood  production.  The  disease  which  we  now  know  as 
chlorosis  would  then  represent  only  a  variety  of  these  anemias,  and  the 
peculiarities  of  the  affection  would  be  attributed  only  to  the  age  and 
sex  of  the  patient.  An  example  for  comparison  is  furnished  by  scrofula, 
which  is  separated  from  other  clinical  forms  of  tuberculosis  by  its 
external  manifestations  only. 
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It  has  already  been  stated  that  we  are  not  familiar  'w^th  all  of  tlie 

cause>5  which  favor  the  (ievi'lo[»nRM)t  of  the  disease.  From  a  pnieticul 
standpoint,  however,  it  is  iinpc*rtant  to  study  the  eonditlons  niider  whicli 
chlorosis  tends  to  appear  and  to  present  the  theories  which  have  l>een 
fornnilattH:!  conoernitig  the  disease.  Most  theories  based  upon  reliable 
observations  and  clear  trains  of  thought  have  a  permanent  valne  since 
they  excite  renewed  investigation. 

In  reierence  to  the  etiology  we  follow  the  precedent  of  Immermann,' 
Hayem,  and  others^  and  differentiate  between  predisposing  and  exciting 
causes. 


PREDISPOSING  CAUSES. 

Sex, — ^There  is  notliiog  to  he  adtkd  to  I  he  statements  made  in  the 
previous  sectiim.  We  speak  i*i'  chloru'^is  in  regjutl  to  the  female  sex 
alone,  and  1x^1  ieve  that  the  nature  of  the  disease  must  lie  better  recog- 
nized and  defined  before  we  may  speak  of  chlorosis  in  the  male. 

The  views  of  sonie  noted  authors^  may  be  quoted  upon  this  question. 
Im merman n  is  extremely  ski"i)tical  as  to  the  ot-curreoce  of  chlorosis 
among  men,  and  knows  of  but  1  case  in  his  practice  which  could  l>e 
inter]) re t<:*d  as  such.  The  statements  of  Eichhorst,  Niemeyer,  Jiirgen- 
sen,  Hayem,  Luzet,  and  Liebernieister  are  no  less  ]x>sitive.  Some 
authors,  as  F,  A.  Hoffman,  and  S6e,  say  nothing  whatever  about 
chlorosis  in  the  male.  Statistics  of  181  eases  of  chhrntsis  in  the  Leip- 
fiic  Me<lical  Cliuic  have  recently  been  published  in  which  the  disease 
affected  the  male  sex  eight  times,  a  nnmL>cr  that  is  unusually  high  as 
compared  with  all  other  reports  (Ossent  *).  The  clinical  histories  of 
these  cases  and  confirmatory*  evidence  as  to  the  correctness  of  the  diag- 
noses arc  unfi>rtimate!y  not  given.  The  author  can  recall  no  case  in 
w^hich  he  would  have  been  able  to  diagnose  chlorosis  in  a  male. 

Age. — The  most  fix%^orable  age  is  the  periml  from  the  fourteenth  to 
the  twciitietli  year.  The  first  af>|>earaiicc  lyf  tlie  disetise  nearly  always 
(M^eurs  at  this  time  ;  it  begins  nxueh  more  rnrcly  in  the  first  half  of  the 
third  decennium,  and  the  initial  onset  at  a  later  period  is  very  unusual, 
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Niemeyer's  warning  jigaiost  diagnosing  and  trmtiiig  an  aoemia  arising 
after  the  twenty-fourth  year  m  chlorosis,  without  the  most  substantial 
evidence,  stiJI  meet^  with  the  approval  of  cautious  physicians.  Iso- 
lated cases  which  admit  of  no  other  interpretation  do,  however,  occur 
(**  chlorose  tardive,"  Hayem,*  Ricder^),  The  chlorosis  of  mature  years 
is  much  more  frequent  in  females  who  were  chlorotic  in  their  youth,  the 
chlorosis  having  either  remained^  or  more  or  less  lengthy  j>eriods  having 
intervenetl  between  the  individual  attacks. 

The  following  statistics  show  the  period  in  which  the  disease  first 
ap{>eiired  : 

Hayem*  designates  seventeen  and  a  half  years  as  the  average  age  at 
which  the  disease  commenced  in  52  cases* 

Harris '  states  that  of  114  chlorotic  patients — 

63  were  between  15  and  20  yenrs  of  age ; 
41     "  "       20    "    30     «      "     " 

and  10     "      over        30. 

Tbeae  statistics  of  Harris  do  not  mention  the  time  of  the  first  appear- 
ance of  the  affection, 

Oasent^  says  that  of  150  patients,  the  chlorosis  made  its  first  appear- 
ance in^ — 

22  licfore  the  14th  year; 

84  between  the  14th  and  19th  years ; 
29       *'         "     20th  "    23d       <* 
and  5       "         "     24th  "    33d       « 

R.  Stockman  ^  reccjrds  63  cases.     The  twenty-third  year  was  the 
latest  in  which  the  elilon^sis  began.     At  the  time  of  observation — 
44  imtientvS  were  between   13  and  20  years  of  age; 
10       **  **  "         21     "     24      **      "     ** 

and  9  were  beyond  the  24th  year  of  life. 

The  author's  own  statistics  *  with  the  results  yieJded  are  given  on 
the  succeeding  page, 

'  These  records,  togetlier  with  (lifiKi^  quoit-il  in  t!ie  following  itectiyns,  are  jiartly 
Uken  from  our  notes  uiid  tlie  cliiiitiil  reconiH  of  the  Municipal  Hospital^  of  Frankfurt 
JL  M.  The  jyrenter  portion  of  ilie  materisil,  however,  hm  been  obtained  fmm  the  oise- 
brw>ks  of  Uie  l^H'ond  Mefjical  Clinic  of  Berlin  and  of  the  Medical  Clinir  of  iViesisen.  At 
Ihis  place  we  wish  to  tlmnk  my  honored  prereptors,  Profe*  Gerhiirdt  and  Riejcel^  for  the 
\t!e  of  the  npterial  in  question.  Altogether  we  hnve  hud  the  opportunity  of  c<;ni.«^u!tinj(5 
Uie  clinical  hi^tones  of  about  2(50  faae*«-  It  will  rendily  lie  understood  tliat  the  entire 
BeHes  could  not  be  utilised  for  every  individuiil  (piestion^  since  the  clinical  notctf,  as  well 
IS  the  anamnesiii,  pnesen!  eondltioUf  and  counic  of  the  disease  were  not  recorded  in  a 
uniform  nuuiner  and  did  not  always  take  every  symptom  into  oockside ration. 
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Of  242  patients,  the  following  were  the  ages  at  which  the  chlorosis 
made  its  first  appearance  : 

2  younger  than  12  years  of  age, 


2 

were 

12 

« 

2 

13 

« 

19 

14 

« 

31 

15 

« 

44 

16 

(( 

32 

17 

« 

31 

18 

« 

17 

19 

(< 

23 

20 

« 

14 

21 

(( 

10 

22 

« 

12 

23 

« 

1 

24 

K 

2  older  than 
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Of  these  242  patients,  149  had  already  had  one  or  more  attacks  of 
chlorosis.     Of  these  a  recurrence  took  place  in — 
4  at  the  age  of  15     years, 
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Heredity  and  Predisposition. — Chlorosis  frequently  breaks  out 
in  young  girls  without  the  agency  of  any  recognizable  external  influ- 
ence, or  the  pernicious  agencies  which  are  held  responsible  for  the  dis- 
ease bear  no  relation  whatever  to  its  severity.  The  latter  statement  is 
true  only  in  the  smaller  number  of  cases.  From  ex|>erieuce  with  the 
origin  of  other  forms  of  anemia,  it  may  be  said  that  the  anemia  of 
chlorosis  is  fairly  well  based  uj)on  external  conditions  and  that  its 
intensity  is  proportional  to  the  intensity  of  the  deleterious  influence. 
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The  disease  arises  often  enough,  although  the  conditions  and  habits  of 
life  are  such  that  they  directly  seem  to  oppose  the  occurrence  of  anemia. 

Such  a  quantitative  disproportion  between  cause  and  effect  is  also 
encountered  in  the  infectious  diseases,  but  these  are  out  of  the  question 
as  &r  as  chlorosis  is  concerned.  It  is  also  met  with  in  diseases  which 
are  caused,  or  at  least  favored  by,  a  predisposition.  To  this  class  belong 
gout,  obesity,  most  cases  of  diabetes,  arthritis  deformans,  myxedema, 
Basedow's  disease,  and  many  nervous  affections.  We  are  forced  to 
suppose  that  in  chlorosis  there  is  also  a  predisposition  that  must  prepare 
the  soil  before  the  external  agencies  are  able  to  bring  the  disease  to  light. 

Corresponding  to  this  view  we  find  that  chlorosis  frequently  presents 
itself  as  a  family  disease.  Very  many  patients  state  that  their  mothers 
have  also  been  chlorotic,  but  it  is  rare  to  obtain  accurate  information 
upon  the  subject.  It  has  been  frequently  observed,  however,  that  all 
the  female  members  of  one  and  the  same  generation  become  more  or 
less  chlorotic  at  the  age  of  puberty.  Any  experienced  family  practi- 
tioner will  know  of  numerous  such  instances.  In  looking  over  old 
hospital  case-books  the  author  was  unable  to  collect  any  data  upon 
this  point,  since  the  anamneses  were  almost  always  incomplete  in  this 
respect  In  the  course  of  the  last  two  years,  however,  he  lias  made 
observations  in  20  chlorotic  individuals  who  had  sisters  over  fifteen 
years  of  age. 

In  4  instances  none  of  the  sisters  was  chlorotic ;  in  7  instances 
some  of  the  sisters  were  chlorotic,  some  were  not  (yet  ?)  chlorotic ;  in 
9  instances  all  of  the  sisters  had  been  chlorotic. 

This  small  table  refers  only  to  patients  in  well-to-do  families,  in 
which  everything  possible  had  been  done  to  maintain  the  health  of  the 
daughters. 

It  is  repeatedly  stated  that  chlorosis  is  particularly  prone  to  occur 
when  the  parents  have  had  syphilis,  tuberculosis,  gout,  diabetes,  or 
severe  nervous  diseases.  We  have  seen  no  statistics  to  prove  the  truth 
of  these  statements. 

[French  writers  particularly  have  insisted  uj)on  the  frequent  associa- 
tion of  chlorosis  and  a  tuberculous  family  history.  Trousseau,  Hay  em, 
Jolly,  and  Byram  Bramwell,  among  others,  have  established  series  of 
cases  to  prove  this  view.  It  must  be  remembered  that  chloro-anemia, 
difficult  to  distinguish  from  true  chlorosis,  is  frequent  in  the  incipient 
stages  of  pulmonary  tuberculosis  and  may  have  had  some  influence  in 
the  supposed  relationship  referred  t4). — Ed.] 

The  records  of  217  cases  at  the  w  riter^s  dis})osal  contiiin  definite  state- 
ments concerning  the  family  histories.     Of  these,  44  cases  or  20.3  per 
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cent,  had  parents^  brothers,  or  sisters  affected  with  tuberculr>sls.  The  pc^r- 
ceiitiige  is,  if  anything,  rather  smalL  In  17  instancH^i*  the  patients  them- 
seJ ves  eerbiinly  had  tnbereular  iintecedents  (glandular  or  artieular).  Cases 
in  which  the  tal>erculosis  did  not  seem  to  have  conipletjcly  disappeared 
were  not  ntilized  in  tht^se  statistics. 

The  natniie  of  the  predisposition  to  chlorosis  seems  to  be  clear.  It 
can  be  nothing  else  than  a  weakness  in  the  hematopoietic  system.  It 
is  very  unlikely  that  corresponding  macrosct^pic  or  microscojiic  changes 
will  be  found  in  the  l>one-marrow  ;  at  all  events  we  can  not  count  ujx>n 
theru  when  conditions  of  functional  weakness  arc  present.  We  may 
follow  Virchow'  and  Immermann,  and  cidl  the  condition  **  plastic 
adynamia  of  the  blood-building  orgaus."  Virehow  went  further,  as  is 
well  known,  and  l>elieve<l  that  he  had  found  the  gross  anatomic  cause 
of  this  weakiiess  of  tlic  hematopoietic  organs  in  a  congenital  hypo- 
plasia of  the  vascular  system.  In  considering  the  subject  from  an 
anat^vmic  stand {wjint  and  in  neglecting  clinicjd  experience,  Virehow  has 
gone  much  too  far.  No  one  could  ever  admit  that  chlorosis  is  depen- 
dent upon  such  a  [wrmanent  and  incurable  anomaly  as  arteriid  hypo- 
plasia (for  other  evidence  against  Virchow*s  theory,  see  p.  386). 
Those  writers  who  would  trace  chlorosis  to  a  deficient  development — 
i.  e.j  to  gross  anatomic  hyi>opl^sias  and  aplasias  of  the  genitalia — will 
always  meet  with  new  difficulties.  For  every  case  which  might  be  so 
intcrprett:»d  there  wilt  be  ten  or  twenty  others  in  which  there  is  no 
question  of  any  gross  anatomic  deficiency  in  the  essential  parts  of  the 
sexual  apparatus. 

It  corresponds  much  better  with  the  facte  to  consider  these  three 
things — hypoplasia  of  the  vascular  system,  retarded  development  of  the 
genitalia,  and  plastic  adynamia  of  the  hemat^»jK>ictie  organs — as  co- 
ordinated developmental  disturbances,  which  may  be  found  singly  or  in 
combination  with  each  otlier  or  with  various  other  "signs  of  degenera- 
tion,'^ In  showing  the  relation  of  chlorosis  to  retardinl  development 
of  the  genitalia,  II.  8tieda'has  sharply  emphasized  this  coordinated 
relation  in  a  large  number  of  cases.  Tlie  want  of  dei>en deuce  of  chlo- 
rosis upon  congenital  narrowing  of  the  aorta  is  still  more  marked.  It 
may  frequently  happen  that  individuals  with  congenital  hypoplasia  of 
the  vascular  system  may  also  have  the  milder  developmental  disturbance 
of  the  genitalia,  which  is  evidently  much  more  frequent  and  which 
Iciids  to  chlorosis  ;  the  pathologic  anatomist  who  sees  the  patient  sue-- 
curab  as  a  result  of  t!ie  vascular  hyi>opIasia  would  consequently  readily 
acquire  the  impression  that  the  two  anomalies  were  insepanible.  It  is 
forgotten  that  in  the  great  majority  of  clinical  cases  the  chlorosis  arises 
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and  disap|X'iir8  im]e|ien(lently  uf  anoiimlk^j^  of  the  vascuhir  system  j  thure 
may  be  small  unimportant  retardations  of  development  (*'  degenenidve 
Aigns")  of  the  vanculiir  appanitur^,  but  surely  no  mroioalies  which  are 
of  im[X)rtaDce  for  the  entire  circulation  and  for  the  noiirishraeat  of  the 
tissues. 

Of  the  three  groups  of  e<ingeaital  aDomalies  in  question  the  **  plas- 
tic adynamia  of  the  hematopoietic  organs"  is  evidently  the  mildest, 
sinee  it  may  be  completely  overcome  in  most  instances.  The  results  of 
this  anomaly  become  temporarily  manifest  in  the  majority  of  cases  at 
that  ptTiod  of  life  in  which  the  hr«ly  is  rapidly  completing  its  develo|j- 
ment,  when  considerable  strength  is  demandtxl,  when  the  conditions  of 
life  and  nutrition  are  frerpiently  not  so  favorable  nor  projKirtionate  to 
the  new  situation  as  they  were  in  chihlhood,  and  particularly  wlien  the 
female  organism  is  for  the  first  time  subjected  to  certain  proccKscs  which 
are  undoubtedly  related  to  bhK>d-forraation. 

The  latter  point  is  one  of  extraonliuarv  importance/  No  thcM^ry 
which  ignores  the  relationship  between  chlorosis  and  the  establishment 
of  sexual  maturity  can  demand  earnest  consideration.  The  combined 
weight  of  facts  is  always  directt^l  to  this  particular  point  in  question. 

How  shall  we  explain  this  connection?  A  sujierficial  methml  of 
observation  considers  only  the  loss  of  menstrual  blood.  There  has  been 
no  lack  of  authorities  who  designated  the  losses  of  bltxxl  as  the  imme- 
diate cause  of  the  chlorotic  anemia.  This  dixrtrine  dates  back  to  Trous- 
seau,*^ with  his  **  menorrhagic  form  '*  r>f  chlorosis,  and  has  n^feutly 
found  another  champion  in  Dunin,^'  The  accuracy  of  the  idea  becomes 
rather  doubtful  in  view  of  the  fact  that  most  chlorotic  patients  have 
onnsnally  scanty  menses  ;  they  may  lie  absent  for  months  and  yet  a 
rapid  recovery  does  not  take  place,  while  after  other  losses  of  lilmxl  of 
the  amount  of  the  catamenial  flow  a  rapid  regeueration  may  be  observe*! 
w^hich  is  complete  in  a  few  days.  The  connecting  link  l>etween  the  func- 
tions of  the  sexual  apjMiratus  and  the  bone-marrow  is  by  no  means  so 
apparent.  The  nervi»u9  system  has  been  suspected]  and  the  disease  in- 
terpn'ted  us  a  reflex  neuroT^is.  Our  kuowletlge  of  the  so-t^dled  reflex 
neuroses  and  their  influence  upon  metabolism  isj  however,  not  so  inti- 
mate that  we  may  call  u|mui  them  without  definite  proof  to  explain 
«och  a  sharply  outlinwl  clinical  picture  as  is  presented  by  chlonisis.  To 
our  mind^  it  is  more  |>nibable  that  the  newer  studies  upon  the  recnprocal 
cbemic  relations  of  the  individual  org:iiis  will  tlirow  more  light  upon  the 
fiQbj«>f*t  than  any  of  the  preceding  hypotheses. 

In  addition  to  the  congenital  weakness  of  the  blood-building  a[)i>a- 
ratus  which  is  usually  overcome,  but  which   in  other   instances   may 
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never  disappear,  a  cause  for  chlurosig  might  also  be  s^ouglit  in  an 
act^uired  wciikne^.s  ul"  the  hematupuietic  oi^gtini^.  Thi:^  accjtiirt'tl  weak- 
ness is  to  be  found  in  some  process  going  un  in  the  sexual  apparatus^ 
sinee  tliis  form  of  ehloro.sis  occurs  only  at  the  time  of  piilierty. 

To  repeat  l^riefly  what  hius  been  said,  we  .seek  the  cause  of  chlorosis 
in  a  fuiietiuiial  weakness  of  the  ]iematoiioietic  oipius,  w^hich  is  partly 
congenital  and  jmrtly  acquired.  Based  upon  this  functional  weakness^ 
there  occurs  a  tem|>orary,  or  uiore  rarely  a  permanent,  true  insufficiency 
of  these  organs—/,  r.,  chlorotic  anemia.  Disturbances  of  the  I'clatiou* 
existing  between  the  fetuaie  sexual  apfmnitus  and  the  blood-buikling 
process  are  neeessiiry  for  the  <k'Velopment  of  the  disease. 

An  insuiiieieney  of  blood -formation  developing  without  any  relation 
to  the  genital  apjKimtos  w^ouhl  m>t  l>e  classitied  as  eldorosis  from  our 
theoretic  stAuidpoint,  External  deleteritULs  influences  neverthek^ss  play 
an  auxiliary  role,  since  they  may  increase  the  already  existing  weakness 
of  the  blood -building  orgsxns  or  in  other  cases  actually  produce  it. 
It  is  of  great  practical  importance  to  be  familiar  with  these  deter* 
mining  causes. 

DETERMINING  CAUSES* 

We  must  not  overestimate  the  range  of  s<_>-called  determining  cauflwj 
in  chlorosis.      Ex{>erience  warns  us  that  in  tlie  majority  of  ciis^s  there 
is  no  pernicious  external  influence  worthy  of  note  ;  in  other  instances 
their  cotVperation  is  not  to  be  denied. 

trnfavorable  Nutritive  Conditions, — If  the  total  absorption 
of  food  is  tcKj  small  in  youth,  or  if  the  nutrition  is  sufficient  in  general 
but  wanting  in  certain  r<.s|x^cts,  in  the  quantity  i»f  all>urain,  for  example, 
the  iMxly  is  backward  in  development  and  blood-formation  alwws  suflers* 
In  later  years  also,  a  deteriomtii>n  of  the  quality  of  the  blood,  with  or 
without  a  simultaneous  loss  of  weight,  is  always  one  of  the  earliest  results 
of  had  nouri^luncnt.  Similar  conditions  often  obtain  in  young  girls  and 
help  to  bring  alMJut  the  attack  of  chlorosis.  In  tlie  first  place  we  must 
think  of  the  many  young  girls  who  go  to  work  immediately  after  they 
Iciive  scIkioL  The  working  body  demands  a  consi<lerable  increase  in 
the  amount  of  food,  but  the  demand  is  not  alw^ays  complied  with ;  the 
wages  of  young  working  girls  are  usually  much  to«i  small  to  procure  a 
nutritive  diet,  and,  what  is  of  esjiecial  irapnrtance  in  these  yesirs  of  life, 
a  diet  rich  in  alluimin.  Even  wiien  the  wages  are  sufiieient,  the  young 
girls  are  in  total  ignorance  of  the  nutritive  value  of  foods,  and  select  a 
dit^t  which  is  very  satisfying,  but  which  contains  only  a  minimum  ipiantity 
of  actual  nutriment.     The  position  of  young  servant  girk  is  not  much 
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Familiesi  who  take  their  servaiiti^i  directly  from  the  .scIkk^I  desk 
are  iLsually  in  cluse  circuniHtauceii  theniseives.  They  nourish  them- 
eelves  badly,  and  freqiieutly  can  not  tie  made  to  understand  that  scaDty 
foxl  is  more  harmfid  to  the  young  |jer,son  in  their  service  than  poor 
WBg^d  and  unkind  words.  The  contrast  l>et\veen  tlie  okl  and  new  c^ondi- 
tionB  is  still  more  marked  wlieii  girls  from  the  eoinitry  hiix*  tliemselve^ 
out  in  the  city.  The  result  of  all  these  conditions  U  a  returdation  of 
further  physical  developmeot,  anemia,  lu.ss  of  flesh,  or,  at  least,  an 
absence  of  that  ti]ling-out  of  the  lK)dy,  which  is  to  l>e  expected  in  theije 
years.  Chlorosis  often  associate?  itself  with  this  condition  of  aflairs. 
It  can  frequently  be  established  in  hospitals  that  the  disease  is  some- 
thing more  than  a  mere  disturbance  of  outrition.  It  is  an  every- 
<lay  exixnnenee  that  young  girls  coming  from  j>lac*es  where  the  nutritiv^e 
conditions  are  bad  rapidly  increase  in  weight^ — ^ten  to  twenty  pounds 
a  month  is  by  no  means  rare.  The  ehIon>8is,  however^  does  not  get 
better,  and  recovery  is  delayt^  for  a  ci>nsiderable  time  after  a  con- 
dition of  good  general  nutrition  luis  been  obtainetl.  It  must  not  be 
tlionght,  however,  that  young  girls  are  ini«infficiently  nourished  in  bad 
fiocial  conditions  only.  Even  in  the  families  of  well-to-<lo  citizens 
it  frequently  results  from  childish  whims,  from  faulty  inspection  of 
the  diet,  and  from  an  injudicious  selection  of  foods  and  arrange- 
ment of  meal  hours*  It  does  seem,  however,  as  though  this  state  of 
affairs  is  be<?oming  more  uncommon  than  formerly,  and  that  prf)i>er 
attention  is  now  paid  to  the  sensible  and  fiutticient  nourishment  of 
young  girls  in  these  classes  of  the  jKipulation.  If  the  nutritiou  is 
deBcient,  in  spite  of  all  this,  there  is  usually  some  digestive  disturbance 
present,  such  as  gastric  ulcere  nervous  dyspepsia,  eonstiixition,  and,  by 
DO  means  the  least,  the  bad  effects  which  ensue  from  wearing  tight-fitting 
corsets.  We  very  trequently  meet  with  chlorotic  young  girls  who  are  in 
an  adminible  condition  of  general  nutritiou,  and  who  show  tlie  falsity  of 
the  idea  that  rhlortisis  must  always  be  precedt»d  by  insufficient  ibod,  lack 
of  digestive  power»  and  deficient  absorption,  [Stockman  insists  that  a 
deficiency  of  iron  in  the  foml  is  the  exciting  cause  of  chlorosis,  while 
others  assert  there  is  deficient  absorption  of  ff>od  of  all  kimis, — Ed.] 

Home  ConditiotlS. — ^In  addition  to  the  question  of  diet,  the  liv- 
ing and  sleeping  rooms  deserve  our  first  attention.  Among  the  young 
girls  of  the  liiwer  classes  it  will  be  found  that,  with  few  exceptions, 
these  conditions  are  the  most  unfavorable  that  could  be  imagined. 
There  is  always  a  deficiency  of  fresh  air  by  day  and  by  night  in  the 
sleeping  and  working  rooms.  The  same  unhygienic  conditions  are  not 
infrequently  met  with   in  the  houses  of  the  rich  ;  provisions  are  made 
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for  all  the  eonvenicnceB  and  comfort.Sj  l>ot  air  and  li^lit  are  both 
neglected.  It  is  remarkable  what  clothe,  iliiigv%  mu.*?ty  sleeping  nxuns 
the  physician  often  enters,  although  the  reception  rooms  lack  no  luxury. 
It  mast  Iw  admitted,  however,  that  these  conditions  have  considerably 
improved  in  Germany  in  the  last  iew  years,  Iiisntheieut  amuunts  of 
light  and  fresU  air  are  certainly  powerful  factors  in  the  development 
of  anemic  cooditions ;  they  consequently  increase  tlie  predispoeitioQ 
to  chloro^sis  and  accelerate  its  appearance.  They  are,  however,  only 
several  of  many  deleterious  influenccH  and  they  play  (^uite  ilifferent 
rdles  Id  individual  cases.  The  disease  frequently  appears  in  spite  of 
the  Dio.st  favorable  conditions  of  the  home,  and  t^iee  vemd  an  insufficient 
amount  of  liglit  and  fresh  air  is  followed  by  true  chlorosis  in  a  very 
small  percentage  of  C4ases.  [Home-sickness  seems  to  have  some  in- 
fluence in  the  development  of  chlorosis.  The  editor  has  repeatedly 
commented  upon  the  frequent  occurrence  of  chlorosis  among  maids  who 
have  recently  come  to  this  country  from  Ireland,  France,  and  other 
foreign  countries.  jSome  investigation  has  kxi  him  to  believe  that  the 
conditions  of  life,  the  food,  etCj  are  in  nowise  responsible,  while  nos- 
talgia was  so  marked  a  feature  in  some  of  these  cases  that  its  importance 
was  regarded  as  certain, — Ed.] 

Injudicious  Bodily  Exercise, — The  iniluenee  of  physical  exer- 
cise upon  l>h>ml-formation  is  not  sufficiently  established.  General 
experieuee  teaches  that  lx>th  too  little  and  too  much  are  detrimental, 
and  have  a  particularly  unfavorable  influence  upon  the  quality  of  the 
blood.  In  chlorosis,  it  seems  to  me  that  overexertion  is  of  more 
im|x>rtanee  than  insufficient  exercise.  This  is  surely  the  case  with  many 
servant  girls  and  with  the  majority  of  females  of  the  working  classes. 
In  the  latter  instance,  we  must  also  remember  that  the  physical  exer- 
tion is  usually  in  but  one  direction,  that  the  girls  work  in  uoliygienic 
surroundings,  and  that  the  other  conditions  of  life  are  likewise  unfa- 
vorable. Altogether  it  amounts  to  overexertion  of  a  body  as  yet  imma- 
ture, and  we  must  conser^uently  expect  an  unfavorable  reaction  upon 
the  entire  c organism  in  general  and  upon  the  blcMid-making  oi^ns  id 
particular.  In  other  individuals  of  this  class  (in  seamstresse^i  for 
example),  and  likewise  in  the  upper  circles  of  societj",  the  amount  of 
physical  exercise  is  far  below  tliat  required  by  health.  In  the  latter 
class,  however,  this  is  not  so  bad  as  formerly,  since  an  interest  in  the 
sports  has  rapidly  become  universal.  This  also  has  its  dangers,  since 
overexertion  is  common*  Riding,  tennis-playing,  and  especially  the 
bicycle  have  conjured  up  or  aggravated  many  a  ciLne  of  chlorosis  where 
it  had  been  hoped  that  these  exercises  would  ward  ofi'  the  alfection. 
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Qtaftkimg, — It  kts  k^ng  been  assumed  tkit  the  f  i^t  ck^ching  iU" 
as  an  im&vohible  influeiKv  uptm  the  geDeml  healthy  ainl 
^  alao  been  made  dependeot  u[H>n  this  liki'tor.  Great  s^tiv^j^ 
las  been  hid  api>D  this  pL»int  recently,  and  many  writers  go  ^>  £ir  as  to 
giTe  the  ci>r5ec  the  most  prominent  place  amiuig  tht'  etii»k)gic  iai'tors  ot' 
cliIoff«^»&  O.  Rceenbadi '  and  Meinen  ^  are  [Kirtioularly  pr\HKHUK\\l 
in  their  advocacy  of  this  view,  the  former  dwelling  u[¥>u  the  interfer- 
with  the  respiratory  movements  and  the  latter  emphasizing  tin'  dis- 
nt  of  the  upper  ab(k>minal  organs,  and  tlie  traction  u|kui  tiie 
plexuses.  Although  we  are  not  an  adviH'sUe  of  the  «>>rset,  and  do 
not  deny  that  injudicious  lacing  may  cause  actual  disturlianix's  of  the 
fimcdons  of  the  stomach,  intestines,  and  n-spirator}'  apjiaratus,  and  ctUH 
seqnently  that  they  can  aggravate  the  chlor\>sis,  we  rt^inl  the  stand{H>int 
of  Roeenbacrh  and  Meinert  as  altogether  one-sided.  This  jx>int  will  lie 
fully  considered  in  a  later  section. 

Sexual  Infltiences. — At  this  place  we  will  not  spwik  of  the  verj- 
mtimate  relation  which,  according  to  our  supposition,  exists  U'tweeu  the 
sexual  apparatus  and  blood-regeneration.  This  will  he  fouuil  in  the 
section  upon  Theories  of  Chlorosis.  We  may  likewise  disn»ganl 
the  relation  of  menstruation  to  chlorosis.  It  has  previously  Invn 
emphasized  that  menstruation  per  se  can  not  be  made  res|x)nsible  fttr 
the  affection.  The  disturbances  of  menstruation  are  more  prolxibly  the 
results,  or  the  independent  concomitants,  than  the  cause  of  the  disease. 
The  anomalies  of  menstruation  will  be  more  appropriately  consiilcriHl 
under  the  head  of  Symptomatology. 

There  are  still  other  influences  acting  tlirougli  tlie  giMiitalia  vfh\v\\ 
have  been  suspected  of  being  the  cause  of  chlorosis.  Among  thest*  we 
would  particularly  mention  the  awakening  of  the  sexual  impulse  with- 
out gratification  of  the  same,  and  unnatunil  sexual  excitement  fnuu 
robbing  the  genitiiHa.  The  older  literature  u|K)n  chl(>n)sis  is  rich  in 
such  references.  In  recent  years  much  less  stress  has  Ihmmi  hiitl  upon 
this  i)oint,  and  this  is  rightly  so.  The  idea  that  chlorosis  is  iutnHhic(Hl 
or  accompanied  by  a  tormenting  sexual  impulsi*  is  ccrt4iinly  fallacious. 
Women  who  were  chlorotic  as  young  girls  give  crcilihlc  evidence  that 
the  cooperation  of  this  factor  is  to  be  denied.  Women  who  have  a  recur- 
rence of  their  chlorosis  during  marriwl  life  complain  ratlicr  of  the  extinc- 
tion of  the  sexual  impulse  during  the  chlorotic  attack  than  of  the  con- 
trary. Lovesickness  is  also  said  sonictiuRs  to  play  a  role  in  tlic  I'tiology 
of  chlorosis.  General  experience  speaks  decidedly  for  this  view,  but  the 
manner  of  its  influence  u|)on  the  state  of  the  bkxKl  is  so  obscure  that 
it  is  still  incapable  of  being  understocjd  and  stjientifically  dcnionstrate<l. 
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Only  a  brief  statement  of  the  most  imjK>rtiint  thetiries  of  the  patho- 
geoessis  of  chloro.sis  will  l>e  givon.  The  correctness  of  these  the<.>rie8 
can  l>e  bnt  briefly  diseu.ssed.  Many  fsiet.s  for  and  agaioi^t  the  indtvidual 
hypotheses  will  be  found  in  the  seetion  ufwu  Syniptomatology. 

Vireln>w  ^  :  Chlorosis  bus  as  an  anatomic  ba-sis  of  congenital  origin 
a  deficient  development  of  the  vascular  system, 

Virchow  leaves  the  question  undecided  as  to  whether  these  condi- 
tions may  be  looked  upon  as  constant.  In  his  dissertation  he  does  not 
state  whether  he  regaRls  the  ljy|Mjpki<ia,  which  he  found  in  the  dead- 
room,  as  the  cause  of  the  deticient  blo<Kl-ftjrmation,  or  whether  he  con- 
f^iders  the  hyfmplasia  of  the  vascular  system  and  the  hyp<i]>lasia  of  the 
bltMjd  as  codrdinute<l  factors.  Certain  exprt^ssions  seem  to  indicate  that 
be  inclines  to  the  former  vicw< 

["  More  recent  studies  (Paltauf,  Ortncr,  Fment5?el)  indicate  that  the 
c<ingenitally  small  heart  and  aorta  are  mure  closely  associated  \nth  the 
conxtilutio  lipnphatiea  and  with  cardiac  disease  than  with  chlorosis* 
This  hypoplasia  has  l>een  found  in  subjects  never  siiflering  from 
chlorosis,  and  the  majority  of  chlorotics  give  no  other  evidence  of  such 
vascular  anomalies  and  make  complete  and  permanent  recovery " 
(Ewi ng)»  It  is  n<Jt  improbable,  however^  that  in  some  cases  this  con- 
genital vascular  anomaly  is  an  e:X|ire,ssiun  of  a  systemic  condition  that 
may  predispose  to  chlorosis  when  other  causes,  such  as  the  establish- 
ment of  menstruation,  are  operative. — Er**] 

Immermanu  '  :  Chlon)8is  is  always  dependent  upm  a  deficient  forma- 
tion of  bicxxl  ("  plastic  adynamia  and  functional  anergia  of  the  cyto- 
genic  apparatus '').  The  weakness  of  the  hematopoietic  organs  may  be 
parti V  congenital,  and  is  then  associatcil  with  aplasia  of  the  vascular 
svstem,  which  In^mermann  designates  as  a  higher  grado  of  the  '*  chlo- 
rotic  anomalies  of  formation*"  The  w^L^kness  may  be  acquired  and 
manifest  itself  only  tempomrily.  The  diseast^  breaks  out  at  the  age  of 
pubertv,  beciiuse  at  this  time  special  demands  are  made  upon  hlood- 
produetiiin. 

Beneke  *^ :  The  development  of  the  female  sexual  organs  produces 
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certain  reflex  disturbances  of  the  organs  of  digestion.  These  disturb- 
ances are  the  cause  of  insufficient  absorption^  of  insufficient  digestion, 
and  of  the  loss  of  too  much  iron.  It  thus  happens  that,  in  spite  of 
the  nourishment  being  sufficient  for  ordinary  needs,  a  lack  of  iron 
gradually  develoj)s,  and  this,  combined  with  increased  destruction  of 
the  red  blood-corpuscles,  leads  to  a  decrease  of  the  amount  of  hemo- 
globin in  tlie  blood  ;  in  sliort,  to  chlorosis. 

Zander  '* :  Chlorosis  arises  if  the  absorption  of  iron  suffers.  The 
digestive  disturbances,  especially  the  lack  of  hydrochloric  acid,  are  due 
to  the  faulty  absorption. 

Bunge  ^ :  During  pregnancy  the  maternal  organism  furnishes  the 
fetus  with  a  considerable  amount  of  iron.  It  is  not  likely  that  the 
entire  amount  of  this  iron  is  absorbed  and  digested  during  the  pr^- 
nancy  of  the  mother.  Bunge  assumes  that  this  iron  has  been  previously 
stored  up  in  the  maternal  organism.  The  female  is  prepared  long  in 
advance  for  the  future  conception  and  pregnancy.  Bunge  believes  that 
this  provisional  storage  of  iron  in  the  organs  (liver,  spleen)  occurs  at 
the  time  of  puberty ;  when  associated  with  other  deleterious  influences 
it  leads  to  a  lack  of  hemoglobin  in  the  blood.  In  support  of  this 
theory  it  might  be  mentioned  that,  according  to  L.  Jones,"  the  blood 
of  even  the  healthiest  girls  shows  a  decreased  amount  of  hemoglobin  at 
the  time  of  puberty.  On  the  other  hand,  Lapique  "  states  (contrary  to 
the  analyses  of  the  organs  of  animals  by  Bunge  and  Wintemitz  ^^)  that 
the  liver  and  spleen  of  the  mature  fetus  contain  less  iron  than  is  the 
case  in  individuals  who  have  completed  their  growth. 

Bouchanl  and  Couturier  ^^:  Chlorosis  is  frequently,  but  not  always, 
caused  by  a  preceding  dilation  of  the  stomach  which  causes  disturb- 
ances of  nutrition;  abnormal  fermentations,  and  the  production  and 
absorption  of  deleterious  substances. 

Clark,*^  Duclos,*  and,  to  a  certain  extent,  Xothnagel,-*  believe 
that  the  main  cause  of  chlorosis  is  to  be  found  in  constipation,  which  is 
responsible  for  abnormal  putrefactive  changes  of  the  albumins.  These 
poisons  are  absorbed,  |>artly  retarding  blood-formation  and  partly  pro- 
moting blood-destruction. 

Forchheimer^  :  The  hemoglobin  is  formed  in  the  mucous  membrane 
of  the  intestinal  canal ;  chlorosis  must  be  produced  when  this  process 
Ls  disturbed.  Forchheimer  suspects  that  this  process  is  disturbed, 
because  he  found  a  poisonous  albuminous  substance,  apparently  an 
albumose,  in  the  urine  of  chlorotic  patients.  He  believes  that  this 
albuminous  substance  originates  in  the  intestinal  wall,  and  that  it  is 
formed  from  materials  which  are  necessary  to  the  formation  of  hemo- 
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globin.     For  some  cnuse  the  syiithej^is  of  hemoglobiu  and  hematin  does 
not  take  place,  and  this  results  in  fhlomsis. 

Meinert  ^  :  The  anatomic  ciiuse  upon  wliich  cblorosis  depends  is  the 
gastroptosis  produced  by  the  corset.  Tliis  results,  tirst  of  all,  in  an 
ineri'aised  irritrihility  of  the  dtstorttMJ  plexune^  of  the  al>domioal  sympa- 
thetic. If  certain  exciting  causes  sujiervene,  the  nervous  sygt£?ni,  pre- 
pared by  the  giistroptosis  and  its  sequelie,  causes  tlie  chlorosis  to  appear. 
It  18,  of  course^  believed  that  nervous  influence's  are  responsible  for  the 
anemia.  Briefly  stated,  Meinert  says  that  chlorosis  is  a  neurosis,  and 
that  in  this  instance  the  basis  for  the  latter  is  furnished  by  gustroptosis. 
[E,  Grawit/J  does  not  accept  the  view  of  Meinert  regarding  the  rela- 
tion uf  gastroptosis  to  chlorosis.  The  trr^ijuency  of  g*istmptosis  in 
young  girls  is,  of  course,  acknowledge*!,  and  the  conditions  in  eblorosie 
arc  such  as  to  increase  this  tcn<lency.  There  is,  however,  no  other  con- 
nection between  the  two  conditions, — Ed.]  L.  Jones  **  and  Reinert,** 
althougli  folhiwing  another  train  of  thought,  likewise  come  to  the  tx>n- 
clusion  that  chlorosis  is  a  neurosis,  or  that  the  chlorotic  anemia  is  pn»- 
duced  by  nervous  influences. 

Murri^:  Anomalies  of  distribution  and  velf>city  of  the  blood  hold 
a  pniniinent  position  among  the  conditions  leading  to  chlorosis.  They 
are  caused  by  ahnrirnial  irritat runs  of  the  vasomotors,  and  these  abnor- 
mal impulses  are  received  reflexly  from  the  genital  ap|mratus.  This 
pathologic  fiinctitin  of  the  vasonu*tnrs  causes  the  hlood,  es|>ecially  in 
the  periphery  of  the  IkxIv,  in  jiassinto  the  veins  with  a  changed  velticit)', 
and  consequently  with  a  changed  cbemic  comp^^sition.  These  slight 
variations  in  the  velocity  of  the  blood  are  further  said  to  excite 
an  inereascHl  destruction  of  the  reti  elements,  since  it  is  known  how 
sensitive  these  corpuscles  arc  to  an  abnt»nnal  cbmpc»sition  of  the 
surrounding  fluid.  These  dek^tcrions  influences  are  said  to  be  par- 
ticularly likely  to  occur  in  the  winter  months,  thus  explaining  the 
considerable  increase  in  the  number  of  cfises  of  chlorosis  occurring 
at  this  time.  In  (Jermany  we  are  certainly  unable  to  confirm  the  latter 
observation. 

v.  Hossliti  ^ :  Chlorosis  arises  from  the  frequent  loss  of  small 
quantities  of  hlocwl,  whicli  occurs  in  the  mucous  membrane  of  the  diges- 
tive tract,  and  which  usually  est^pes  observation.  R.  Stockman  ^  and 
Dunin  '^  likewise  lay  stress  upon  losses  of  blood,  but  more  particularly 
upon  those  occurring  during  mens  t  mat  ion. 

Clement^  classifies   chlorosis  with  the  infectious  diseases,  since  it  is 
not  infrequently  accompanied  by  enlargement  f>f  the  spleen. 
I  DeuUcL  EUn,,  Ka  3, 1903. 
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I  •  regards  chlorotiis  as  an  auto-iiitoxication  which  arkes  from 
abnormal  pr«>eei?8es  in  the  ovarii'?  (meoeiirLial  auto-intoxication), 

[Referring  to  the  etiology  uf  chloro^i.s,  Gniwitz  '  aills  attention  to 
the  fact  tliat  bypc splits ia  of  the  hi*art  and  arteries  may  occur  in  men, 
but  chlorcksig  is  exceedingly  rare.  This  [joint  was  recognized  and  em- 
phasize<l  by  Virehow  him.si«lf.  There  ar«^,  however,  uoduabtcd  cases 
of  chhjrosis  in  young  men.  Wiinderlich  renjarketl  tliat  the  disease 
oooitrs  eijspccially  in  young  men  of  indifle!t*nt  physique  and  >vho  engage 
hi  oeeu|>ati«>ns  f)f  a  more  or  le&s  sefleiitary  character,  t^ncli  m^  tailr>rs, 
clerks,  etc.  Grawitz  does  not  accept  the  tbeorj^  of  an  interned  secretion 
as  an  inipi^rtant  etiohjgic  factor  in  chlorosis.  He  refers  this  view  to 
the  same  cate^ry  as  to  that  whicli  formerly  ascribed  hysteria  to  a 
himilar  cause.  Ojusidering  tlie  [>eculiar  symptoms  of  the  disease  and 
the  character  of  the  bloml,  he  suggesti^  that  the  nervous  system  pla^^s 
an  important  nMe  in  the  etiology,  and  the  peculiarities  of  the  blood  are 
referreil  esjiecially  to  some  anomaly  in  tiic  formation  of  lymph  rather 
than  to  any  alini>rmal  hemogeuesis.  There  seems  to  be  some  alteration 
in  the  capacity  of  tlie  iilmjcl- vessel  to  regulate  the  fismosis  of  liijuidj  and 
tbufl  an  accumulation  of  liquid  takes  place  in  the  channels  without  a 
ODrrespo  nd  i  ng  e  x  n  da  t  u )  n , 

In  c< inclusion  Grawitz '  states,  *'  I  regard  chlorosis  as  a  neurosis  which 
affects  young  persons  at  the  age  of  puberty,  girls  and  women  as  a  rule, 
though  not  exclusively*  It  i.^*  favored  by  certain  prediBpcjsitions.  The 
anemic  condition  of  the  bhiod  is  one  of  the  accomjmnying  symfjtoms 
of  the  neurosis^  and  is  dirix^tly  referable  to  the  underlying  nervous 
affection."-^ED.] 

V.  NcKirden  (supported  by  Tmmermann^)  :  I  believe  that  chlorosis 
is  founded  upon  a  functional  weakness  of  tlie  iicmatop<jietie  organs, 
which  may  be  either  congenital  or  acquininl.  I  am  not  of  the  opinion, 
however,  that  everv^  anemia  de|>endent  upon  defective  function  of  these 
organs,  should  l>e  desiguatenl  as  chlorosis,  but  wish  to  reserve  the  name 
chlorosis  for  disturbances  of  bhwxl-formntiiin  which  proei^^l  froni  the 
sexual  organs,  and  particularly  for  those  which  bc^come  manifest  during 
Uie  developmental  j>eriod*  It  is  evident  from  <jur  present  state  of 
knowledge  that  we  can  not  say  what  real  cfjnnection  exists  lietween 
chlorosis  and  the  sexual  organs.  With  the  proviso  that  my  idens  are 
bat  a  hypothesis,  I  \n]]  state  what  I  l)elieve  to  be  the  probable  chain 
of  events.  In  the  female  organism,  which  gives  off  consitlcndjle 
amounts  of  blood  through  the  sexual  organs  event*  four  weeks,  there  is 
normally  a  mechanism  to  replace  rapidly  and  completely  the  amount 
'  BeuUeL  KlitL,  Xa  3, 1903. 
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of  blood  lost  The  stimuli  which  cause  blood-formation  proceed  from 
the  sexual  organs  (ovaries  ?)  themselves,  not  through  the  reflex  paths, 
but  by  means  of  the  production  of  chemic  substances  which  gain  access 
to  the  blood  and  to  the  blood-building  sites,  and  have  the  property  of 
stimulating  the  hematopoietic  organs.  The  hematopoietic  organs  are 
not  dependent  upon  these  stimuli  coming  from  the  sexual  organs  alone, 
but  their  loss,  nevertheless,  endangers  the  normal  process  of  blood- 
formation,  particularly  in  young  individuals.  If  these  stimuli  are 
absent  or  weakened,  chlorosis  develops — i.  6.,  there  is  an  insufficiency 
of  blood-formation,  which  is  caused  by  specific  processes  in  the  genital 
apparatus.  If  the  hematopoietic  organs  are  congenitally  deficient,  or 
if  they  are  subsequently  weakened  by  unfavorable  influences,  the  dis- 
ease would  naturally  be  more  likely  to  develop. 

Nothing  whatever  can  be  said  of  the  reciprocal  chemic  relations  ex- 
isting between  the  sexual  apparatus  and  the  hematopoietic  organs ;  we 
can  only  assume  that  they  are  not  indissolubly  connected  with  the 
menstrual  process,  for  the  menses  of  chlorotic  patients  are  by  no  means 
characteristic. 

Even  a  few  years  ago  such  a  theory  as  has  just  been  stated  could  not 
have  been  suggested ;  now,  when  we  know  something  of  the  importance 
of  the  so-called  "  internal  secretions  "  and  suspect  the  great  r6le  which 
they  play  in  the  organism,  the  justification  of  a  hypothesis  which  makes 
chlorosis  dependent  upon  an  absence  or  weakening  of  an  '^internal 
secretion  "  can  not  be  denied. 

[Levy,*  in  a  discussion  on  the  nature  of  chlorosis,  groups  the  theories 
under  two  heads  :  (1)  The  anatomico-clinical,  which  places  the  inception 
of  the  disease  in  the  blood,  the  digestive  canal,  or  the  nervous  system  ; 
and  (2)  that  which  regards  the  disease  as  an  auto-intoxication.  He 
r^ards  it  as  certain  that  some  forms  of  chlorosis  ixxjur  in  the  period 
of  pul)erty  as  a  result  of  auto-intoxication,  and,  in  particular,  as  a  con- 
sequence of  deficiency  of  certain  secretions. — Ed.] 

1  Goa.  Des,  H6p,,  No.  88,  1903. 
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It  has  been  mentioned  that  in  rare  cases  pathologic  conditions  de- 
velop in  children,  elderly  women,  or  males  which  strongly  resemble 
chlorosis  in  their  course  and  external  phenomena ;  the  description  of 
the  symptomatology,  however,  can  only  be  based  upon  the  chlorosis  of 
young  girls  and  women,  which  so  often  appears  during  the  develop- 
mental period  and  in  the  first  deceunium  after  maturity  is  attained. 

The  patient  first  complains  of  tiring  easily  upon  physical  exertion, 
of  an  unusual  shortness  of  breath  in  climbing  stairs,  and  of  a  tendency 
to  palpitation.  The  symptoms  appear  gradually  and  are  at  first  scarcely 
observed  ;  it  is  not  until  a  careful  examination  is  made  that  one  dis- 
covers they  have  existed  a  long  time.  The  mild  disturbances  tend  to 
be  most  Aoticeable  in  the  morning  hours,  while  in  the  afternoon  and 
evening  the  young  women  are  not  lacking  in  vivacity  or  capacity  for 
exertion.  After  the  prodromal  symptoms  have  existed  in  van'ing  de- 
grees for  some  days  or  weeks,  an  increasing  paleness  of  the  skin  and 
mucous  membranes  becomes  apparent.  This  first  becomes  noticeable  in 
the  conjunctival  and  oral  mucous  membranes,  the  color  not  disappearing 
from  the  cheeks  until  some  time  has  passed.  In  this  respect  there  are 
marked  individual  differences.  The  quality  of  the  blood  is  considerably 
impaired  in  most  cases  of  chlorosis  before  the  paleness  of  the  skin  be- 
comes noticeable  to  the  patient  and  her  friends ;  it  even  happens  that 
young  women  in  the  first  stages  of  the  disease  are  admired  for  their 
rosy  complexions.  This  is  explained  by  the  fact  that  the  vasomotors 
are  very  irritable  and  that  the  facial  capillaries  undergo  a  marked  dila- 
tion under  the  influence  of  fresh  air  or  psychic  excitement.  The  ap- 
pearance is,  however,  deceptive,  since  in  the  absence  of  such  irritation 
the  paleness  of  the  complexion  becomes  all  the  more  pronounced.  In 
this  early  stage  of  the  disease  it  is  consequently  of  particular  importance 
to  pay  more  attention  to  the  color  of  the  mucous  membranes  than  to 
that  of  the  skin,  for  they  are  much  less  under  the  influence  of  psychic 
stimuli.  In  other  patients  the  paleness  of  the  mucous  membranes  and 
of  the  complexion  go  hand-in-hand  from  the  beginning.  We  can,  how- 
ever, easily  convince  ourselves  that  the  dejj^ree  of  paleness  is  by  no 
means  dependent  upon  the  intensity  of  the  changes  in  the  blood  alone. 
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Although  a  certiim  parallel  is  Dot  to  be  denied,  there  are  still  other  fac- 
tors, parti^ahjrly  the  t>riginal  pigmeiitiition  of  the  nkin,  which  also  have 
a  deterniinmg  iiifltieoce.  Skins  poor  in  pigment  (blondes)  as  well  as 
those  rich  in  piguieut  (marked  brunettes)  favor  the  early  appearance  of 
the  imlenesri,  in  spite  of  a  projvortioiiately  nniall  amount  of  bicKxl  de- 
generatioHj  while  a  moilemte  amount  of  pigment  seems  to  obscure  the 
pallor  for  a  considerable  length  of  time. 

By  the  time  the  previously  dc^^^ribed  symptoms  (lassitude,  dyspnea, 
palpitation,  temporary  or  permanent  pallor)  have  fairly  developed,  most 
cblorotic  caties  become  jsnbjw^t  to  mens^trnal  disturbances,  and  these  are 
more  likely  to  occur  if  the  individual  h  young  and  if  the  menses  have 
been  only  recently  entiiblishi'd.  An  opportunity  will  be  subsequently 
otfered  to  atudy  more  accurately  these  disturbances  of  menstruation  in 
chlorosis.  For  the  present  it  suffices  to  say  that  the  nature  of  these 
disturbauces  is  subject  to  considerable  variation.  A  very  small  per- 
centage of  cases  have  no  anomalies  of  menstruation  whatever  throughout 
the  entire  cour?^e  of  tlie  disease  ;  in  somewhat  more  than  half  of  the 
cases  the  menses  are  completely  absent,  delayed,  or  of  but  a  few  days* 
or  houiv;'  duration^  and  the  fluid  may  be  clear  and  scarcely  tinged  witli 
blood.  Less  frequently  tlie  amount  of  blood  is  too  great  and  the 
perio<:la  arc  too  frequent.  Pain  is  not  unusual  before  the  flow  is  estab- 
lished and  during  the  first  day.  The  exactness  w4th  w^hich  tlie  regular 
<x*curnL*ucc  an*l  (hi  rat  ion  of  the  j>eriods  is  observeil  causes  any  men- 
strual variatit^ns  to  be  noted,  and  this  well-known  symptom  of  the 
disease  frequently  arouses  the  suspicion  of  the  patient  or  her  relatives 
and  directs  attention  to  the  previously  neglected  ct»ncomitant  phenomena. 

If  the  disease  does  not  disippear  spontaucMmsly,  as  is  frequently  the 
case  in  the  initial  stage,  or  doi's  not  recover  under  appropriate  therapeutic 
measures,  the  early  symptoms  increase  in  s^n't-rity  and  new  ones  make 
tlieir  appearance*.  The  capacity  for  muM'ular  exei-tion  be(^>mes  less ; 
after  short  walks  and  particularly  after  climbing  there  is  a  marke<l  sense 
of  weariness  in  the  limbs  ;  physical  exertion,  walking,  and  housework 
consequently  liecome  distiistcfuL  There  is  great  lassito*Ie  and  desire 
for  rest  after  exertion.  If  the  amount  of  muscular  effort  is  consider- 
able, air-hunger,  a  sensiition  uf  oppression  about  the  chest  and  palj>ita- 
tion,  do  not  fail  to  make  their  appearance.  Most  case^  are  affected  in 
this  manner;  we  might  indeed  say  that  no  patient  with  pnmounced 
chlorosis  remains  entirely  fvcv  Irom  these  symptoms.  If  the  actions  of 
many  chlomtic  individuals  are  closely  observed,  however,  it  will  Iw  fi.uind 
that  there  are  great  variations  both  in  the  capacity  fi>r  muscular  exer- 
tion and  also  in  the  intensity  of  the  subjective  disturbances  (fatigUGi 
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diBincliQatioQ,  relaxatkm).  This  is  true  not  only  of  differoDt  jwitieiits, 
but  also  of  one  ami  the  .siinie  [xTsun  at  ditfbrent  time's.  Tbe^tie  differ- 
ences are  entirely  itidependunt  of  tiie  severity  of  the  blood-changes  aod 
of  the  general  physical  developments  In  spite  of  a  marked  decrease  in 
the  amount  of  bemo|^hjbin  in  the  blood  and  of  a  rather  delicate 
physiciue,  girls  iuid  young  women  are  frt^piently  seen  wlio  suffer  pro- 
portionately little  with  the  disease,  retjiin  their  energy,  and  accomplish 
ao  amount  of  work  of  which  a  healthy  girl  eould  be  pntud,  Othei^s, 
s«>metimes  of  njbust  physique,  suffer  early  and  to  a  murkixl  degree ; 
they  ctin  not  be  muved  to  make  any  onlinary  exertion,  and  exhibit  a 
high  degree  of  relaxation  and  lack  of  energy.  It  frequently  happens, 
as  previously  noted,  that  diis  relaxation  of  mind  and  iKwJy  is  most 
marked  in  the  morning  hours  and  disappears  more  or  less  in  the  ai\er- 
noon  and  evening.  This  can  go  so  far  tluit  young  women  who  &caR*^ly 
feel  able  t^)  fierform  the  lightest  housework  in  tlie  morning  dane*  with- 
out difficulty  for  hours  in  the  evening,  and  are  admircil  for  their  spark- 
ling vivacity.  Between  the  eases  with  a  rftaioe<l  i^ipaeity  for  exertion 
and  those  in  which  this  capacity  is  impaired  there  are,  of  course,  the 
most  manifold  gradations.  In  the  severest  eases  all  clilorotie  girls  and 
women  are  affe<'tefl  in  practically  the  same  manner  in  relation  to  their 
capacity  for  muscular  exertion. 

There  are  some  symptoms  which  are  usually  associated  and  more 
common  to  tlie  severer  forms  of  the  disease.  They  are  headache*  flick- 
ering lr>efore  the  oycs^  blackness  of  vision  whicli  may  last  for  seconds, 
mitiuteH,  and  sometimes  lnnirs  ;  flashes  of  color  which  occur  when  the 
lids  are  closed,  ringing  in  the  ears,  a  tempomry  io(li>tinctness  of  hear- 
ing, dizziness,  a  feeling  of  emptiness  in  the  head  with  ihe  sensation  of 
approaching  in,sensibil[ty,  and  actual  attacks  of  unconsciousness.  These 
phenomena  almost  never  occur  when  the  patient  is  in  the  recunil>ent 
(losition  and  only  very  rarefy  during  walking,  provideti  tliat  thi>  is  not 
overdone.  They  much  in^vre  frequently  develop  during  long  standing, 
which  ii*  badly  l>orne  by  all  ehlon^tics.  It  is  by  no  means  rare  for 
chlorotic  individuals  to  fall  unconscious  while  staiKling  behind  the 
wnuiter,  ab«^ut  the  stove,  or  in  tlie  streets  (hiring  public  celebnitions. 
Carriage  rifles  under  a  hot  sun  and  long  railway  journeys  have  a 
riimllar  effect.  These  fainting  attacks  naturally  cause  considerable 
ttlann  and  bring  the  patient  to  t!ie  physician  after  the  minor  disturb- 
ances have  been  neglect  eel  for  a  long  time. 

The  digestive  api>aratus  is  very  frequently  affected.     The  api^>etite 

|iJb  somewhat  whimsical.     Many  ehlorotics  have  no  appetite  whatever 

and  lose  flesh  from  want  of  nourishment.     This  most  frequently  occurs 


360 


CHLOROSIS, 


where  little  attention  ir  directed  to  the  diet  of  the  individual — in  ser- ' 
vantH,  for  example,  wliere  the  choice  of  food  h  limited.  It  is  rather  a 
caiie  of  aversion  to  the  customary  monotonous  diet  than  of  an  actual 
loss  of  appetite.  All  sorts  of  annoying  sensations  are  also  complained 
of,  which  appear  during  the  digestive  period  and  cause  the  patient  to 
fear  eating  a  liberal  meal.  Among  these  are  an  indefinite  sensation  of 
pain  and  pressure  in  the  gastric  region,  pains  in  the  ribs,  flatulence  after 
eating,  belching,  and  hciirtburn.  Other  pittients  complain  more  of  slight 
dyspnea,  palpi tiitiun,  and  of  dizziness,  wliich  increases  after  eating.  All 
these  symptoms^,  however,  do  not  belong  to  the  regular  conoomitimts  of 
chlorosis.  There  are  many  patients  in  whom  they  are  completely 
absent  and  who  rc*t;iin  their  appetite  even  in  the  more  advance*!  stages 
of  the  disease.  This  corresponds  with  the  cHniml  fact  that  chlorotic 
individuals,  as  a  rule,  do  not  lose  flesh.  This  is  often  not  the  case^ 
and  the  reason  will  be  explained  later.  It  nevertheless  happens  that 
pecidiarities  of  appetite  are  rarely  absent,  even  if  the  totid  amount  of 
food  ingested  is  sufficient.  Very  often  there  is  a  dislike  for  certain 
foods;  this  dislike  is  most  frefpiently  directed  against  meat,  sometimes 
against  all  kinds  of  meat,  sometimes  against  certain  varieties,  or  certain 
methods  of  preparation.  In  other  instances,  certain  appetites  develop 
which  must  be  designated  as  actual  perversities  of  taste;  for  example, 
the  desire  for  strong  acids,  the  girls  drinking  vinegar  or  lemon -juice. 
In  others,  the  opposite  inclination  l>ccomes  manifest,  chalk,  lime,  and 
sodium  bicarbonate  being  preferrinL  It  still  more  frequently  happens 
that  the  regnlar  mealtime  fails  to  excite  the  appetite,  while  in  the 
intervals  the  desire  for  food  is  so  strong  that  the  jKitient  Ijecomes 
actually  ravenous.  In  this  respect,  chlorttsis  resenibles  the  early  stages 
of  pregnancy.  The  movements  of  the  boivels  are  no  more  uniform  or 
characteristic  than  are  the  caprices  of  the  appetite.  Sluggishness  of  the 
bowels  is  indeed  frequently  complained  of,  I  ait  we  mu^t  not  forget  that 
this  ailment  is  very  frec[uent  in  young  girls  and  women  in  general*  If 
the  constipation  is  not  marked,  or  if  other  symptoms  are  absent,  the 
physician  hears  nothing  of  it,  and  a  standard  is  w^anting  by  which  to 
compare  the  frequency  of  constipation  in  chlorosis  with  its  occurreuce 
in  healthy  girls.  We  have  studied  this  «juestion  for  a  long  time  in  refer- 
ence to  the  theories  which  claim  that  there  is  a  causal  relation  between 
constipation  and  chlorosis,  and  can  not  agree  with  the  statement  that 
chlorotic  individuals  tend  ti>  present  a  much  greater  d(?gree  of  consti- 
pation than  their  companions  of  the  same  age.  When  constipation 
does  occur,  it  is  due  to  a  sluggishness  of  the  ileum,  as  is  the  case  in 
most  other  youthful  individuals  who  complain  of  the  same  diflSculty  ;  it 
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J8  only  after  the  lapse  of  considerable  time  and  after  great  neglect  that 
the  large  intestine  itself  also  takes  part  in  the  slowing  of  the  fecal 
movement. 

Chlorosis  has  no  immediate  effect  upon  the  mental  power  nor  upon 
the  psychic  condition.  This  is  evidenced  by  numerous  cases  in  which 
the  judgment  and  |)erceptive  faculties  remain  intact  throughout  in  spite 
of  extreme  anomalies  of  the  blood,  and  where  the  sense  of  illness  holds 
a  direct  and  correct  relation  to  the  severity  of  the  disease.  On  the 
other  hand,  chlorosis  is,  without  doubt,  particularly  prone  to  awaken 
slumbering  neuropathic  and  psychoi>athic  tendencies.  Since  these  ten- 
dencies, partly  congenital  and  partly  acquired,  are  quite  frequently  the 
dowry  of  growing  girls  and  young  women,  it  is  no  wonder  that  we  so 
oflen  encounter  diseased  manifestations  of  ner\'ous  energy,  amounting 
at  times  to  severe  neuroses  and  psychoses.  As  a  rule,  these  symptoms 
are  very  mild,  insignificant,  and  only  observed  by  the  immediate  friends 
of  the  patient.  The  patient  is  whimsical,  easily  influenced  by  trivial 
circumstances,  and  obstinate.  This  obstinacy  is  particularly  common  ; 
the  energy  with  which  the  personal  wishes  and  inclinations  are  followed 
is  frequently  in  marked  contrast  to  the  lack  of  energy  shown  in  the 
performance  of  small  daily  duties  and  the  carrying  out  of  medical 
suggestions.  This  lack  of  energy,  partly  of  pure  psychic  origin  and 
partly  the  immediate  result  of  physical  weakness  and  incapacity  for 
exertion,  gives  rise  to  discontent  and  morbid  doubts.  The  less  the 
chlorotic  individual  exerts  herself  the  greater  is  the  sentimental  dis- 
turbance, and  this  may  be  manifested  in  various  directions  which  are 
dependent  upon  the  character  and  surroundings  of  the  individual. 
These  patients  indulge  in  fits  of  religious  enthusiam,  in  innocent  love- 
dreams  and  the  like,  as  the  case  may  be.  It  was  formerly  incorrectly 
supposed  that  these  fits  of  fanaticism,  flightiness,  and  love-sick  longings 
were  natural  attributes  of  chlorosis  and  intimately  connected  with  the 
disease.  In  reality  they  are  but  feebly  related  to  the  affection.  Chlo- 
rosis usually  attacks  young  girls  at  a  time  when  many  are  unemployed 
or  half-employed,  susi)ecting  little  and  knowing  nothing  of  the  earnest- 
ness of  life,  when  their  knowledge  is  only  superficial  and  when  their 
unawakened  or  half-awakened  senses  so  readily  furnish  thoni  with  a 
world  of  dreams,  thoughts,  and  sensations.  The  greater  the  imagina- 
tion and  the  more  eonmionplace  the  external  form  of  the  social  and 
home  life,  the  more  ]>ron(»unee(l  are  those  j)sychic  cffeots.  The  chlorosis 
lessens  the  capacity  for  work  and  the  cimsciousness  of  strength,  thus 
producing  a  half-sick  condition,  necessitating  indulgence,  and  favoring 
the  psychic  development  in  the  direction  indicated.     Unless  the  indi- 
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vidual  ha.*^  sucli  an  inherited  predispoi^ition  or  external  eonditions  favor 
such  ilisturbnnre^,  these  psychic  symptoms  are  not  to  be  ejspected.  It 
consequently  liai>|>cns  that  we  meet  these  8en.sitive,  fanatic,  love-sick 
chlorotics  alnmst  without  exception  in  the  classes  that  have  found  no 
j^uffieieut  erti|>loyni('nt  to  occupy  the  time  of  their  growing  daughters. 
Wlieix:  greut  ihitie^  present  themselves  an<I  where  there  ij?  work  U\  do ; 
for  example,  among  ser\^antH,  |>easanb^,  factory  girls,  nurses,  teachers,  and 
young  wives  with  heavy  householtl  cures^  the  chlorosis  produces  entirely 
diifereot  tyjM.'s»  We  tind  ynuug  women  with  that  quiet  tenacity  and  great 
self-sacrifice,  which  are  peculiar  to  their  sex,  struggling  against  fatigue 
and  weakness  and  in  spite  of  their  snfirring>^  fulfilling  their  duty  to  the 
utmiKst  until  they  collapse,  Thert*  are  also  spcaled  and  overindulged 
chlorotie  irulividuals  wlio  dream  their  way  thruugh  lite  as  long  as  noth- 
ing is  rc^piireil  of  them,  and  yet  who  frequently  show  how  little  chloro- 
sis has  to  <hj  with  ttieir  state  of  mind  when  some  great  duty,  such  as 
the  nui*sing  of  a  [Kitieut  or  the  care  of  children,  suddenly  prcsenfei  itself. 

In  addition  to  fatigue,  palpitatitm,  and  dyspnea  upon  exertion,  the 
patients  fn^juently  complain  of  headaches.  These  headaches  vary 
greatly  and  present  little  that  is  ehanicteristic.  There  may  be  success- 
ive attacks  of  true  migraine  which  afflict  the  patients  for  hours  and  days 
and  then  oease  for  a  tinie.  In  other  cases  the  |)ain  is  darting,  localised 
to  tlje  temples,  behind  the  ey^s^  or  in  the  ot^cipit^d  n^gion,  coming  and 
going  at  intervals  tbrttughout  tlie  day,  ajiiK^aring  u|>on  exertion — par- 
ticularly when  this  is  in  the  torm  of  standing — and  disap|>earing  with 
rest,  after  a  light  luncheon  f>r  a  few  swallows  of  wine.  Other  patients 
oomplaiu  *)f  a  (hdl,  persistent  pain,  wbieli  is  not  sharply  localized  and 
which  torraeuLs  them  throughout  their  waking  hours.  This  last  fono, 
fortunately  rare,  is  particidarly  disagreeable  because  it  is  very  resistant 
to  treatment  and  usually  does  not  disappear  until  the  chlorosis  has  l>een 
completely  cured.  The  headaches  tend  tn  grow  worse  at  the  time  of 
menstruation  t)r  at  the  time  when  the  menses  should  appt^ir  but  fail  to 
do  so.  Few  chlorotic  individuals  completely  escape  them,  but  the  r6le 
which  they  play  in  the  symptomatology  of  the  dl^^ease  is  subject  to  the 
greatest  variations. 

Corresptmdiugly  frequent  are  the  et>m plaints  of  cold  hands  and  feet 
and  of  a  general  scnsjition  of  chilliness  throughout  the  body.  These 
phenomena  are  luitunilly  dependent  ujxvn  the  slnggishneBS  of  the  pe- 
ripheral circuhitiMU.  In  chlorosis  the  vasomotor  mechanism  is  very 
easily  excitetl  The  conti-action  nf  the  small  ix^ri|iheral  arteries  follows 
the  irritation  ol'  cold  more  suddenly  and  permanently  than  in  healthy 
but   the  narrowing  of  the   blood-vessels  may  also  occur  to  a  marked 
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d^ree  from  int<?nial  stinuiH  alone.  An  example  is  fiirnisliecJ  by  the 
**clt>igt  mort/'  which  i:^  by  no  riieans  UDeommoD  in  chloroisis.  Upon 
the  other  hand,  the  excitability  <t1"  the  vasonu^tors  alr^j  gives  rise  to 
symptoms  of  vasenlur  dilation.  This  Is  manifet^ted  by  an  inrreasing 
fiensation  t>f  heat,  warmth  about  the  head  and  burning  ehei-k.s  wliich 
present  a  marked  contrast  to  the  geneml  palenej^s  of*  the  skin.  The 
cc^nditions  of  vai?eular  dilation  are,  howev^er,  much  iimre  fugticloas 
and,  on  the  whole,  rarer  than  the  symptoms  of  va.scular  constriction. 
The  most  frequent  c^mi plaint  m  of  cold  feet.  This  |jhentnuen*jn  is 
sometimes  almost  |jermau(ut,  or  it  occurs  whenever  the  pitient.s  sit  or 
stand  in  a  cool  room  without  .sufficiently  warm  clothing  about  their 
lower  extremities*  In  most  eases  this  chiiliug  of  the  feet  cKccurs  only 
at  bedtime.  As  soon  as  the  stockings  are  [uilleJ  off  in  a  r<xjm  that  has 
not  been  heated,  the  sensation  of  cold  begins  in  the  feet  and  legs  and 
may  become  so  intense  that  it  is  absolutely  painful  ;  the  skin  is  very 
pale  and  as  cold  as  ice  to  the  touch.  In  spite  of  friction  and  warm 
bedclothes  tliis  coldness  persists  for  a  long  time  and  then  gradually 
disappears. 

While  these  varied  snbjective  disturbances  are  developing,  the 
objective  examination  of  the  patient  will  alst*  reveal  manifold  changes. 
At  this  place  these  will  be  but  briefly  considered,  since  their  detailed 
description  will  lie  found  in  the  section  upon  special  symptomatology. 
The  most  striking  sign  and  the  one  which  directs  attention  to  the  diag- 
nosis is  usually  the  paleness  of  the  skin*  This  frecpiently  shades  off 
into  a  greenish  tinge,  which  gives  the  disease  its  name  in  English  and 
most  other  languages.  This  paleness  is  to  be  observed  in  the  conjunc- 
tiva and  in  the  visible  mucous  membranes  of  the  mouth,  nose^  pharynx, 
and  genitalia.  The  blood  obtained  from  puncturing  the  skin  is  clear, 
more  or  less  transparent,  and  flow^s  more  readily  and  profusely  than  is 
the  aise  in  other  anemias*  By  microscojac  examination  the  rcil  blood- 
corpuscles  seem  strikingly  clear  and  unevenly  colored  (**  chlorosis  of 
the  red  blood-coqniseles  ^'). 

The  pulse  nite  is  increased,  but  if  it  fe  studied  for  some  time  and 
tlie  patient  gets  over  tlie  first  excitement  which  follows  ever}'  medical 
examination,  the  heart  beats  more  slowly  and  practically  approaches 
the  normal  rate.  The  area  of  cardiac  dulncss  is  usually  enlarged,  more 
toM'ard  the  right  than  toward  the  left.  Blowitig  systolic  murmurs  are 
heard  over  one  or  more  of  the  valves  ;  venous  murmurs  are  likewise 
present  in  the  great  vessels  of  the  neck  and,  in  more  severe  cases,  also 
in  the  femoral  veins. 

The  examination  of  the  lungs  reveals  a  somewhat  more  rapid  and 
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auperfieial  breathin|»;  than  normaL     Thf  lower  borders  of  tbe  lung  a1 
finefjuently  goniewlmt  bigb  up  in  spite  of  u  well-iiiaiiitaine<l  capacity  for 
expansion*     Tlie  vesicular  breathing  is  sliarp  and  clear. 

Scarcely  any  patliologict  cfxjdition  can  be  ordinarily  found  in  the 
abdomen;  s^ime times  txTtaiii  areas  are  sensitive  to  pressure  and  the 
stomach  or  intestines  raay  be  more  or  less  distcndf^l  with  air.  Certain 
autliors  cmpbasiaie  the  fretjuent  occurrence  of  a  low  positioD  of  the 
stomach  or  even  of  gastric  dilation.  The  area  of  splenic  dulness  is 
often  enlarged  j  tbe  spleen  is,  hr>wever,  rauch  more  rarely  accessible  to 
palpation. 

The  demonstrable  objective  changes  in  the  sexual  organs  are  the 
previously  mentioned  anomalies  of  menstruation,  leokorrhea,  sensitive- 
ness in  the  ovarian  regions  (Ovarie),  and  not  infrequently  some  variety 
of  retarded  development.  It  might  also  be  mentioned  that  the  external 
genitids  of  many  very  youthful  cases  of  chlorosis  are  l>etter  developed 
than  their  age  would  indicate*  Other  diseases  of  the  sexual  organs 
occur  in  chlorotic  as  well  as  in  healthy  girls,  but  they  are  accidental 
€X)ineidenees  and  have  no  connection  with  the  chlorosis. 

The  urinary  excretiivn  is  abundant.  The  urine  is  pale  and  has  a  low 
specific  gravity.  It  is  only  in  the  severest  case^^  that  the  urine  is  scanty 
and  con  centra  tetl.  Even  in  the  sever^est  and  most  chronic  cases  of  un- 
oomplicateil  chlorosis^  the  urine  rarely  eontains  more  than  the  normal 
traces  of  albumin,  which  we  are  practicidly  unable  to  demonstrate  at 
the  bedside  w^ith  the  ordinary  reagents.  Sugar  is  never  present.  The 
other  urinary  coDstituents  w^ill  be  fully  considered  at  an  appropriate 
place. 

The  feces,  as  a  rule,  are  of  the  ordinary  color  and  consistence ;  in 
severe  cases  the  movements  may  contain  so  little  coloring-matter  that 
they  are  grayish  yellow  and  resemble  the  clay-colorcd  stools  of  jaundioed 
individuals. 

The  general  nutrition  is  usually  gix>d,  as  has  previously  been  men- 
tioned, but  it  is  not  correct  to  consider  this  as  characteristic  of  chlorosis, 
since  there  are  entirely  too  many  exceptions*  To  make  a  sbitement 
corresponding  more  aeeunitely  to  the  facts  of  the  case,  we  would  say 
that  the  general  nutrition  <tf  the  chlorotic  individual  remains  satisfactory 
if  the  diet  is  good,  varied,  and  appetizing,  and  that  a  decrease  in  tbe 
boily-wf'ight  is  more  a  result  of  neglect  than  of  the  actual  disease. 

Of  the  long  list  of  sympt<*ms  peculiar  to  chlorosis,  a  certain  numl)€r 
are  alw^ays  absent  in  the  individual  case.  No  two  eases  are  absolutely 
alike.  In  this  individual  the  nervous  symptoms,  such  as  lotss  of  enei^, 
capriciousncss,  headache,  dizziness  and  a  tendency  to  fainting  are  more 
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marked ;  in  that  one,  dyspnea,  fatigue  upon  slight  exertion,  and  palpi- 
tation are  observed ;  in  other  instances  the  gastric  and  intestinal  dis- 
turbances, the  vasomotor  stimulations  and  paralyses,  and  the  menstrual 
anomalies  are  the  chief  features  of  the  disease.  The  manner  in  which 
the  affection  manifests  itself  is  dependent  upon  the  character  and  dispo- 
sition of  the  patient,  upon  external  conditions,  and  whether  this  or  that 
organ  has  lost  its  power  of  resistance  from  heredity  or  previous  disease. 
We  have  always  found  an  intense  pleasure  in  studying  the  previous  his- 
tory of  everj'  case  as  minutely  as  possible,  thereby  trying  to  find  an 
explanation  for  these  individual  peculiarities. 

The  general  course  of  the  disease  is  as  variable  as  are  the  individual 
symptoms.  The  chlorosis  may  begin  suddenly,  like  an  acute  disease, 
and  even  attain  its  acme  within  a  few  days.  This  seldom  occurs,  how- 
ever, but  is  most  frequent  in  young  girls  who  have  been  attacked  by 
the  disease  soon  after  the  first  menstruation.  These  are  always  severe 
cases,  which  progress  with  marked  nervous  symptoms  (headache,  dizzi- 
ness, disturbances  of  vision)  and  with  great  weakness,  so  that  a  sus- 
picion of  a  severe  cerebral  disease  is  aroused.  The  prognosis  is  never- 
theless relatively  favorable,  since  the  disturbances  also  tend  to  a  rapid 
disappearance.  The  cases  of  subacute  (in  two  or  three  weeks)  or  chronic 
development  are  more  numerous.  When  these  cases  are  left  to  them- 
selves they  drag  along  and  do  not  recover  for  many  weeks  or  months. 
It  is,  however,  only  the  mildest  attacks,  which  cause  scarcely  any  dis- 
turbances worth  mentioning,  that  receive  no  treatment  whatever.  As 
soon  as  more  marked  symptoms  present  themselves  almost  every  chlorotic 
girl  is  given  some  preparation  of  iron,  either  with  or  without  medical 
advice.  If  this  treatment  is  systematically  carried  out,  and  if  other 
scarcely  less  important  measures  are  not  neglected,  considerable  improve- 
ment or  even  a  cure  is  obtaino(J  in  some  weeks,  but  a  longer  time  must 
be  counted  ujwn  for  the  average  duration  of  the  disejise.  This  is 
because  the  necessary  energy  is  rarely  employed  in  the  treatment  and 
because  the  tendency  of  the  chlorosis  to  recur  becomes  manifest.  The 
individual  case  is  indeed  so  much  benefited  in  from  three  to  six  weeks 
that  marked  symptoms  are  no  longer  present,  yet,  before  the  composi- 
tion of  the  blood  has  completely  returned  to  the  normal,  and  before  the 
paleness  of  the  patient  lias  disapj)eiired,  fresh  exacerbations  of  the  dis- 
ease are  observed.  It  consequently  hapj>ens  that  while  many  patients 
are  permanently  cured  in  a  few  weeks  or  have  no  recurrence  for  a  year 
or  so,  the  disease  jwrsists  in  varying  degrees  of  intensity  in  an  equally 
large  nomber  of  cases  for  months  and  even  for  years.  Chronic  chlorosis, 
althoogh  not  dangerous  to  life,  is  nevertheless  a  lurking  disease  which 
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rardy  fails  to  cast  its  shadow  apon  the  later  life  of  the  individuaL 
For  the  development  of  individual  organs,  for  the  production  of  a  bodj 
and  mind  capable  of  resistance,  and  for  the  storing  of  energy  for  the 
battle  of  life,  it  is  of  the  greatest  importance  that  the  individual  should 
enjoy  perfect  health  and  a  sensation  of  physical  and  mental  strength 
just  at  the  age  when  chlorosis  so  frequently  makes  its  appearance. 
Those  who  are  weakly  for  a  long  time  during  these  years,  only  too  easily 
remain  physical  and  mental  cripples  throughout  their  entire  existence. 
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THE  BLOOD. 


When  Immermann  wrote  the  chapter  upon  the  blood-changes  found 
in  chlorosis  for  von  Ziemssen's  great  Handbuch  der  apeciellen  Path- 
ologie  and  Therapie^  in  1879,  he  could  dismiss  the  subject  with  a  few 
words,  and  was  in  reality  forced  to  confine  himself  to  the  published 
reports  of  the  amount  of  hemoglobin  and  of  the  number  of  red  blood- 
corpuscles  in  chlorotic  blood.  Since  that  time  an  enormous  amount  of 
energy  has  been  directed  to  the  examination  of  the  blood  in  general 
and  of  chlorotic  blood  in  particular.  The  advances  of  knowledge, 
unfortunately,  do  not  always  correspond  to  the  labor  employed,  and  we 
must  admit  that  the  examinations  of  the  blood  have  not  yet  thrown 
enough  light  upon  the  most  important  and  decisive  questions  in  relation 
to  the  pathogenesis  of  chlorosis.  Those  who  work  with  these  questions 
and  wish  to  lay  claim  to  thoroughness  must  examine  the  blood  in  every 
possible  respect  by  the  most  varied  methods  and  in  a  manner  not  yet 
dreamed  of.  The  different  methods  do  not  always  give  a  unanimous 
result  and  it  is  not  always  possible  to  consider  the  different  findings 
firom  a  common  standpoint. 

A  description  of  the  methods  employed  for  the  examination  of  the 
blood  in  chlorosis  may  be  omitted  in  this  article.  These  may  be  found 
in  special  works.  The  recent  and  beautiful  books  of  E.  Grawitz '  and 
of  R.  V.  Limbeck  **  are  worthy  of  particular  mention.  They  both  con- 
tain complete  descriptions  of  the  refined  methods  in  modem  use. 

THE  RED  BLOOD.CX)RPUSCLES  AND  THE  HEMOGLOBIN. 

The  first  trustworthy  accounts  of  the  quality  of  the  red  blood-cells 
in  chlorosis  were  furnished  by  J.  Duncan.  In  2  (female)  i>atients*  he 
found  a  normal  number  of  red  blood-corpuscles  in  blood  poor  in  color- 
ing-matter. From  this  the  followers  of  Duncan,  rather  than  he  himself, 
drew  the  conclusion  that  the  characteristic  blood-change  in  chlorosis 
consists  of  a  diminished  amount  of  hemoglobin   in  the  individual  red 

*  The  third  case  certainly  was  not  chlorosis.  The  patient  was  a  young  man  with 
enlargement  of  the  spleen. 
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blood-corpuscloi?,  while  the  number  of  these  bodies  is  oot  decreased. 
This  small  observation  of  Dunc«n  caased  a  great  ntimlx^r  of  bkxHl- 
exarainations  to  be  made.  In  looking  over  the  text-boiiks  of  to-day, 
the  general  impression,  without  doubtj  is  that  Duneiin's  theory  is  right — 
at  least  in  the  sense  that  in  chlorosis  the  diminution  of  the  amount  of 
hemoglobin  is  more  pronounced  than  the  decreased  number  of  bltMnl, 
discs*  Since  the  author's  first  studies  on  the  composition  of  the  blood 
(1870),  he  has  directwl  earnest  attention  to  this  question  at  the  bedside^ 
Although  unable  to  furnish  statistic  proof  fmrn  the  hirgt*  numlMT  of  indi- 
vidual examinations,  made  for  the  most  part  in  the  elinies  of  Riegel 
and  Gerhardt,  the  general  result  may  be  stated  as  follows : 

€U  In  chlorosis  the  number  of  tfie  retl  blcxxl -corpuscles  and  the  per- 
centage of  hemoglobin  are  simnltaueously  decreased, 

[In  Thayer's  series  of  6.3  cases  (Osier,  Atnerlean  Text-hook  of 
Medwini%  voL  ii,,  p,  199)  the  average  numl>er  of  red  coqjuseles  was 
4,096,044  ;  in  Cabot's  series  of  192  cases  (Cliniviil  Examhiatioiis  of 
l/i€  Blood)  the  a\'erdge  was  4,Oo2jOOO  ;  and  in  Da  Costa's  series  (CUnical 
IJem€ttologi/)  the  averago  in  106  cases  was  3,876,000.  These  figures 
represent  the  editor^s  experience  and  correi^pond  to  the  results  of  all 
recen  t  w ri ters* — E  E*, ] 

A,  As  a  rule,  the  hemoglobin  percentage  is  much  more  markedly 
decreased  than  would  corresjKmd  to  the  dirainutif>n  in  the  number  of 
rcnl  bhxKl-c^irpuseles.  As  a  rc^sult  there  is  a  decreased  amount  of  hemo- 
globin in  the  individual  corpuscle. 

[The  average  percentage  of  hemoglobin  was  42.3  per  cent,  in 
Thayer's  series;  40.4  ]>er  cent,  in  Cabot's  cases;  and  41.3  percent, 
in  Da  Costa's. — Ed.] 

c.  This  relation  between  the  hemoglobin  and  the  number  of  red 
blmxl-eorpuscles  just  described  (under  i)  is  maintained  in  all  grades  of 
chlorosis,  and  likewise  throughout  the  different  stages  of  the  disease. 
It  is  most  striking,  however,  in  the  first  attacks  of  a  severe  ft>rm  in 
very  young  girls,  much  less  notioeahle  in  the  retuirrenoes,  in  the  chronic 
forms,  and  in  the  chlorosis  of  older  persons.  It  is  also  more  pronounced 
in  i>atients  who  retain  a  good  condition  nf  general  nutrition  tlian  in 
girls  who  are  badly  nonrishe<l  an*!  considerably  underweight. 

In  reviewing  the  literature  for  the  decision  of  this  question  we  are 
confroiitetl  by  many  difficulties.  This  is  preeminently  due  to  the  fiict 
that  authors  have  not  always  diagnt^setl  their  cases  with  the  same  degree 
of  precision.  Our  present  conception  of  chlorosis  Is  of  a  purt»ly  clinical 
chamcter,  and  we  can  not  always  feel  tMinfident  that  the  author  has 
excluded  cases  of  anemia  which  were  dependent  upon  germinating  pul- 
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monary  tuberculosis,  upon  gastric  and  intestinal  diseases,  and  upon 
conditions  of  malnutrition.  A  diagnosis  of  chlorosis  can  not  be  made 
simply  from  the  fiict  that  there  is  a  relatively  marked  decrease  of  hemo- 
globin. Although  the  statement  that  in  chlorosis  the  hemoglobin  is 
more  markedly  diminished  than  the  number  of  red  blood-corpuscles 
may  be  true,  the  assumption  that  a  preponderance  of  the  hemoglobin 
decrease  over  the  decrease  in  number  of  red  blood-cells  makes  a  diag- 
nosis of  chlorosis,  is  undoubtedly  false.  Otto,^  for  example,  in  his 
admirable  experiments  upon  the  effect  of  venesection  upon  the  compo- 
sition of  the  blood,  found  that  in  the  regeneration  of  this  fluid  the  cor- 
puscular elements  increased  much  more  rapidly  than  did  the  amount  of 
hemoglobin.  The  same  fact  is  shown  in  the  clinical  histories  reported 
by  Laache  "  and  other  writers.  In  certain  stages  between  a  venesection 
and  complete  regeneration,  the  blood  consequently  has  a  composition 
which,  according  to  Duncan,  is  characteristic  of  chlorosis. 

There  are  likewise  cases  of  markedly  emaciated  individuals  (for 
example,  in  carcinoma,  in  sepsis  of  long  duration,  and  in  syphilis)  in 
which  the  percentage  of  hemoglobin  is  much  more  diminished  than  the 
number  of  red  blood-corpuscles.  Following  Laache's  example,  in 
such  cases  we  speak  of  a  decrease  in  the  "  value  of  the  red  blood-cor- 
puscle." 

A  brief  review  of  the  literature,  with  reference  to  the  larger  and 
more  profound  studies  alone,  may  give  a  proper  conception  of  the  con- 
ditions found  in  chlorosis. 

Leichtenstern ^  determined  the  "coefficient  of  extinction  "  of  the 
blood  by  means  of  Vierordt's  spectral  apparatus.  While  the  blood  of 
healthy  women  had  an  average  coefficient  of  extinction  (E)  =  1.237, 
in  chlorotic  girls  he  found  the  following  values  for  E :  0.757,  1.014, 
1.111,  1.017,  1.060,  1.105,  0.880,  1.031,  0.957,  1.060,  0.960.  The 
greatest  difference  between  the  normal  and  pithologic  values  amounted 
to  40  per  cent.  (Case  1 ).  Blood-counts  are  wanting ;  but  Leichtenstern's 
monograph  contains  a  comprehensive  opinion  of  the  qualities  of  the 
red  blood-corpuscles  which  must  carry  great  weifjht,  from  the  rich  ex- 
perience of  the  author.  He  considers  it  a  settled  fact  that  in  many 
cases  of  chlorosis  the  oligochromemia  has  its  only  basis  in  the  decrease 
in  the  number  of  red  blood-(H)rpuscles  (oligocythemia),  the  individual 
blood-discs  being  of  normal  size  and  containing  the  normal  amount  of 
hemoglobin.  In  other  cases  the  descriptions  of  Andral,  Hayem,  and 
Sorensen  are  to  the  point ;  they  claim  that  the  blood-corpuscles  of 
chlorotic  individuals  are  poorer  in  hemoglobin  and  also  partly  smaller 
than  normal. 

24 
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Hayem,^  in  the  first  edition  of  Iiis  book,  approachetl  rather  closely 
to  the  theory  of  Dune^UK  Id  ooe-thinl  of  h\i§  22  ciises  he  found  the 
number  of  red  blood-<.*orpuscle!?  over  four  million,  while  the  eoloring- 
matter  of  the  bloijd  was  decreased  to  one- half.  In  the  other  cases  tlie 
number  of  hlood-€orpuse!es  was  also  considenibly  decreased,  but  the 
diminuticin  in  the  amount  of  hemoglobin  was  still  much  more  apparent. 
The  highest  hemoglubin  vahie  fmmd  by  Hayem  was  71  per  cent^  of  the 
normal  iminunt ;  the  average  value  was  o2  per  cent. 

Laaelie^^*^  arrived  at  other  eonclueions  in  hi^^  valuable  and  exhau^^tive 
monograph.  He  described  milder  cases  of  chlorosis  in  which  the  clini- 
cal  phenomena  of  the  disease  were  so  distinctly  marked  that  the  diag- 
nosis could  not  be  doubted,  yet  the  blood  showed  scarcely  any  deviations 
from  t!ie  normal  worth  mentitming  (eitlier  in  resixH:t  to  tlie  number  of 
red  blood-corpuscle.s  or  to  the  amount  of  hemoglobin).  In  other  cases 
(13)  the  blorKl-corpuscles  and  the  hemoglobin  were  considerably  dimin- 
ished, sometimes  approximately  to  the  same  extent  ;  as  a  rule,  how- 
ever, the  coloring-matter  usually  suffered  much  more.  He  found  as  a 
minimum  value  lor  tlie  number  of  reel  blmKl-corpuscles  2,440,000,  as 
an  average  value  3,18ojOOO,  The  maximum  decrease  of  the  amount 
of  hemoglobin  contained  in  the  individual  corpuscle  ("  value  of  the  red 
blood-corpuscle'*)  was  to  50  per  ceut.^  the  average  decrease  was  to  66 
|>er  cent,  Liiache's  monograph  contains  no  pnxifs  for  the  assertion  of 
Duncan  and  Gniber  (see  below^)  :  that  in  chlorosis,  in  spite  of  a  normal 
or  almost  normal  number  of  red  hlrKxl-coi*puscles,  the  amount  of  hemo- 
globin may  sink  one-half  or  even  more,  Laache's  observations  upon 
blood-regeneration  in  chlorosis  are  of  great  interest.  He  saw  the 
coloring- raattc^r  increase  much  more  rapidly  than  the  number  of  red 
blood-corpuscles.  Laache's  measurements  of  the  size  of  the  blood- 
corpusch's  are  als<i  important.  IVIalassez  **  bad  stated  that  tlie  CHjrpuscles 
in  chlorotic  bloiHl  are  enlarged.  Laache  found  the  average*  normal 
diameter  to  be  8.5//,  the  maximum  9 /i,  and  the  minimum  6.5^;  his 
average  values  in  chlorosis  did  not  deviate  from  these  figures.  No  en- 
largements are  recordetl ;  in  2  instances  the  rod  bloixl -corpuscles  were 
smaller  than  normal  (4,4 /£  and  4.5 /i).  The  lack  of  uniformity  in 
the  size  of  the  individual  elements  is,  however,  jiarticularly  empha- 
sized. 

Of  all  recent  authors,  E.  Gniber^  comes  closest  to  the  old  theon^ 
of  Duncan.  The  results  of  Gniber  are  more  imp<irtant  than  th<ise 
of  Duncan^  since  they  are  more  numerous  and  obtained  by  far  more 
accurate  metlir>ds,  Gnilx^r  goes  so  far  a-"^  to  state  that  a  normal  number 
of  red  blood-ourpusclefi  with  a  lessened  amount  of  hemoglobin  is  thor- 
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oogfaly  characteristic  of  chlorosis  and  an  important  diagnostic  proof  of 
the  presence  of  the  disease.     Among  28  cases  he  records  : 

7  cases  with  more  than  5  millions  of  blood-corpuscles, 
13     «        "  4-5       "         "       «  « 

8  "        "  3.8-4       "         "      "  « 

Id  contrast  to  12  to  13  per  cent,  (of  the  total  blood),  which  is  the 
normal  amount  of  hemoglobin  in  the  blood  (determined  by  Huffner's 
spectrophotometer,  the  best  method  up  to  the  present  time),  he  found  the 
hemoglobin  amount  in  his  28  chloroties,  as  follows  : 

in  4  cases  higher  than  7  per  cent, 

"  4     "     between      6  and  7       " 
"  5     "         "  5    "    6       " 

u  9     <<         ii  4    ^'    5       '^ 

U  Q     n  n  3     '^    4        '^ 

A  decrease  of  at  most  a  fifth  in  the  red  blood-corpuscles  consequently 
corresponds  with  a  sinking  of  the  hemoglobin  of  three-fifths  or  even 
of  two-thirfls.  In  reference  to  the  size  of  the  corpuscles,  Graber  records 
7.5  fi  as  the  average  (in  contrast  with  7.8  //  as  the  normal  diameter). 
This  average  value  was  found  in  nearly  every  individual  case;  in 
accord  with  the  results  of  Laache,  however,  the  difference  between  the 
maximum  and  minimum  diameters  was  greater  than  in  normal  blood. 
For  example,  the  same  blood  frequently  contained  corpuscles  with 
diameters  of  6;/  and  of  10;/.  Gmber  emphatically  denies  that  any 
actual  diminution  of  the  red  blood-cells  is  a  part  of  pure  chlorosis. 
When,  in  addition  to  a  poverty  of  hemoglobin  ("  chlorosis  of  the  indi- 
vidual corpuscle  "),  there  is  added  a  decrease  in  the  number  of  corpus- 
cles, complications  are  always  present — that  is,  there  is  a  cooperation 
of  other  "  causes  productive  of  anemia,''  such  as  hemateraeses,  menor- 
rhagias,  or  deficient  nutrition.  It  can  not  be  disputed  that  Graber 
selected  his  cases  of  chlorosis  with  particular  care  and  excluded  all  in 
which  the  diagnosis  was  in  any  way  dubious.  A  sufficient  explanation 
for  the  striking  results  of  his  examinations  is  nevertheless  wanting ; 
other  authors,  such  as  Laache,  for  example,  arrived  at  directly  opposite 
results  and  were  no  less  careful  in  their  selection  of  cases. 

Oppenheimer*^  made  a  report  of  the  quality  of  the  blood  in  32 
cases  of  chlorosis ;  only  26  of  these,  however,  are  to  be  regarrled  as 
pure  types  of  the  disease.  The  numlx^r  of  blood-corpuscles  varied 
between  four  and  five  million,  usually  averaging  four  and  a  half  mil- 
lion, and  consequently  showing  no  decrease.  The  amount  of  hemo- 
globin, on  the  contrarj',  was  almost  always  decreased  more  than  30  per 
cent.,  often  40  per  cent,  and  more.     Oppenheimer,  on  the  whole,  con- 


372  ^^"         CHLonosis. 

sequently  agrees  with  the  stat<^inent8  of  Dunciin  and  Graber.  He  par- 
ticukrly  enipbu^izL-j^^  the  diagnostic  value  of  Bueh  fiodings  as  these,  since 
other  patiiolagic  conditions  which  cause  a  similar  composition  of  the 
blood  (convalesoence  from  severe  hemorrhage  or  disease)  are  not  likely 
to  be  confounded  with  chlorosis.  In  secondary  anemias  of  different 
origins  Oppenheinier  foiind^  in  accord  with  Grtiber,  and  we  might  say 
with  all  other  anthors,  a  constant  slight  decrease  in  the  nuniber  of  cor- 
puscles with  a  decreased  amount  of  hemoglobin.  He  admits,  citing 
illustrative  cases,  that  the  cooperation  of  coin j>licat ions  disturbs  the 
typical  conditiuo  and  that  the  number  of  red  blood-corpuscles  may  be 
considerably  diminished, 

[Cabot  *  tab  I  dates  his  cases  as  follows : 

Between  7,0fl0,000  and  8,000,000    .    .    , 1 

6,000,000    *'  7,000,000 2 

**        6,000,000    «  f>,000,000 ,,.,,.      26 

"        4,000,(H)0    *'  5,000,000 72 

"         3,000,000    "  4,00<\000 64 

**        2,000,000    *'  :^,000,000 26 

"        1,000,000    "  2.000,000 _1 

Total  . 192.— Eu.] 

Rcioert^'  treats  of  IH  cases  of  pure  chlorosis  in  an  excellent  mono- 
gniph.  In  5  instances  the  number  of  blood -c<:>rpnscles  was  over  four 
millions,  in  13  cases  the  number  was  less.  Among  these  are  a  number 
of  case^  with  only  three  million  of  blood -corpuscles  or  less.  The 
coloring-matter  of  tlie  blood  was,  altnast  without  exception,  decreased 
to  a  much  m(»re  nmrkiKl  degree  than  the  numIxT  of  reil  blood-corpuscles- 
He  consequently  decides  "  that  the  dispniportion  between  the  number 
of  red  l)lood-corpusc!cs  and  the  amount  of  hemoglobin  at  the  expense 
of  the  latter  i?^  usually  much  more  strongly  pnjnouneed  in  chlorosis 
than  in  onlinary  anemia/'  The  expression  **  f*hIorotie  Idocxl-corpnscles*' 
(Hayem),  which  refers  to  a  diminution  of  the  ooloring-matter  and  of 
sizi'  of  the  individual  corpuscles,  is  iti  some  measure  cousefiuently  de- 
scriptive. Although  the  characteristics  are  not  so  well  develofR^d,  this 
kind  of  a  corpuscle  is  also  found  in  the  majority  of  anemias^  and 
Reinert  himself  furnishes  numerous  examples, 

v.  Limbeck  *•  r*'ports  the  results  of  the  hlood-examiuations  in  16 
cases  of  chlorosis  in  which  frequent  counts  and  estimations  of  hemo- 
globin w^ere  made.  In  v.  Limbeck's  patients  the  diminution  of  hemo- 
globin is  almost  witlit*ut  exception  more  umrked  than  the  decrease  in 
the  number  of  corpuscles ;  his  figur(?s  are  nevertheless  directly  contra- 
dictory to  the  results  obtained  by  Graber,  Oppenheiraer,  and  also  to 
those  of  A.  Maucher,**  who  published  a  small  series  of  9  coses^  At  the 
'  Clmicai  Exammation  of  the  Blood, 


SPECIAL  SYMPTOMATOLOGY.  373 

time  when  treatment  was  commenced,  v.  Limbeck  found  but  once  that 
the  number  of  corpuscles  was  more  than  four  million ;  they  were  five 
times  between  three  and  four  million,  five  times  between  two  and  three 
million,  and  five  times  still  less. 

Eichhorst^  has  recently  published  a  small  collection  of  35  cases,  in 
which  no  uniformity  can  be  perceived  in  the  relation  between  the  hemo- 
globin and  the  number  of  blood-corpuscles.  In  this  series  we  find 
records  of  but  11  in  which  there  were  more  than  four  million  oor- 
poscles;  11  were  between  three  and  four  million,  9  between  two  and 
three  million,  and  4  less  than  two  million.  As  a  rule,  the  amount  of 
hemoglobin  was  more  markedly  decreased  than  would  correspond  to  the 
number  of  corpuscles ;  in  the  severest  cases  of  anemia  both  were  de- 
creased in  practically  the  same  proportion. 

R.  Stockman,®  who  has  rendered  many  services  to  the  study  of 
chlorosis  in  recent  years,  gives  the  following  table  of  the  results  of  the 
blood-examinations  in  61  cases  of  pronounced  chlorosis  in  girls  and 
young  women : 

Number  of  Number  of  Percentage       Average  percentage 

cases.  corpuscles  of  hemoglobin.       of  hemoglobin. 

6 4J-5    million.  46-66  52.6 

9 4-41  "  30-60  44.8 

11 3J-4  "  35-54  42.7 

16 3-31  "  22-44  33.2 

10 21-3  "  30-48  85.7 

8 2-21  "  20-46  31.6 

2 11-2  "  25-28  26.5 

In  this  table  four  and  a  half  million  corpuscles  and  80-90  per  cent, 
of  hemoglobin  (Gower's  hemoglobinometer  scale)  were  regarded  as 
normal. 

R.  Schmaltz**  reports  the  following  figures  from  13  patients : 

6  had  4-5  million  corpuscles ;  hemoglobin  average  6.03  per  cent. 
6     "    3-4       "  "  "  "       5.14        " 

3     "    2-3       "  "  "  "       5.40        " 

In  this  table  12  per  cent,  of  hemoglobin  is  regarded  as  normal. 

The  reports  of  Eichhorst,  Stockman,  and  Schmaltz  consequently 
agree  that  in  chlorosis  the  hemoglobin  alone  may  be  diminished,  but 
that,  as  a  rule,  the  blood-corpuscles  are  likewise  decreased. 

We  will  forego  mentioning  other  individual  communications.  A 
copious  bibliography  of  the  literature  may  be  found  in  the  works  of 
Reinert**  (p.  141)  and  v.  Limbeck  "^^  (p.  302). 

The  work  upon  the  subject,  as  may  be  seen,  has  not  led  to  a  uniform 
result.  The  followers  of  Duncan  and  Gniber  claim  that  their  opponents 
have   not   examined   pure   and   uncomplicated   cases   of  chlorosis — a 
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reproach  that  is  undouhte?dly  too  far-reaching  in  its  generality.  On  the 
other  liaod,  it  Ix^iconie.s  evident  tliat  prtjudiee  hiis  exiuseil  the  followers 
of  Duncan  and  (jrriiber  to  exclude  ctiii^es  wliieh  did  not  fit  iyt<j  their 
pattern,  altlioiigb  they  came  within  the  **  clinical'*  conception  of 
chlorrKsis. 

Tlie  qiuvstion  m  of  j^uffieient  importance  to  deniand  further  investi- 
gation. If  we  will  find  something  new,  we  must  give  the  niovst  accu- 
rate attention  to  the  correctness  of  the  diagnosis  of  *^  chlonjsis  **  and 
follow  out  the  simultaneous  eou|x?ration  of  other  influences  prtKluctive 
of  anemia,  in  tlie  reij<>gnition  and  exclusion  of  whicli  free  seo|)e  is  given 
to  our  discretion*  It  is  also  much  more  urgent  now  timn  formerly  to 
determine  whether  the  age  and  race  of  the  patient,  the  stage  and  dura- 
tion of  the  disease,  the  existence  of  previous  elibirotic  attacks,  the  occu- 
pation, the  kind  c»f  diet,  and  the  thempy  employeil,  are  not  of  decisive 
importance  for  the  e<aiditions  found  in  the  blood.  According  to  the 
author's  opiniojj,  some  of  these  individual  factors  are  responsible  for 
the  many  et«ntradictory  tindings.  Ui>on  p,  368  will  be  found  the 
results  of  his  experience,  formulatetl  in  short  sentences. 

There  is  but  little  to  be  t^id  in  reference  to  the  morphologic  peculi- 
arities of  the  reil  blinxl-eorpuscle. 

So  far  as  the  size  <vf  the  (Mirpuscles  is  concerned,  the  original  and 
much-eitetl  asserti<jn  of  Malassez  **  (derived,  indeed,  from  the  examina- 
tion i»f  a  single  case),  that  the  diameter  was  abnnrmally  large,  has  not 
been  confirmed  in  its  generality.  Fruui  the  eiireful  measurements  of 
Griiber  and  Laachc  and  also  fRan  personal  observations,  it  may  be  said 
that  the  results  are  subject  U*  great  variations.  We  frequently  meet 
with  no  deviations  from  the  nirrmal  ;  in  severe  forms  of  the  disease, 
however,  a  simple  glance  thnmgh  tlie  miemscope  will  discover  striking 
diiferenees  in  size  between  the  corpusc^les  in  the  field  of  vision,  which 
are  more  marked  than  one  ever  encMunters  in  hejdthy  blood.  This  is, 
however,  not  characteristic  of  ehhjn)sis.  The  absolute  measurements 
of  Laaehe  and  Griiber  have  been  previously  recorded  upon  p.  371, 

[Cabot,  Grawitz,  and  otliers  insist  on  the  usual  diminution  in  the 
average  size  of  the  retl  corpuscles, — Er>.] 

If  megakK3ytes  ami  microcytes  are  observeil  in  the  blood  of  anemic 
individuals,  blood -corpuscles  with  changeil  shapes?  (poikilocytes)  are 
never  wanting*  Ordinarily,  they  are  present  only  in  small  numbers 
in  the  blood  of  chlnrotics ;  in  the  milder  grades  of  the  disease  they  are 
entirely  absent.  On  the  otiier  hand,  there  are  severe  individual  cased 
in  which  extraordinarily  lai^  numbers  of  poikilocytes  are  found.  The 
autboTB  have  observed  a  patient  affected  with  undoubted  chlorosis  wboBe 
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blood,  in  the  b^inning,  showed  more  poikilocytes  than  regularly  formed 
blood-corpuscles.  After  ten  days'  treatment  with  arsenic  the  poikilo- 
cytes had  almost  completely  disappeared.  R.  Muir  **  mentions  a  simi- 
larly extreme  degree  of  ix)ikilocytosis  in  a  case  of  chlorosis,  and  adds 
to  his  report  a  handsome  illustration  of  a  specimen  of  the  blood. 
These  cases  are  rare  and  exceptional ;  we  must  be  fiimiliar  with  them, 
however,  since  we  could  readily  be  led  astray  from  the  diagnosis  of 
chlorosis  by  a  surprising  find  of  marked  poikilocytosis. 

[Smith  ^  found  an  increase  of  the  total  volume  of  blood  by  the 
carbonic-oxid  method.  The  average  volume  in  21  cases  was  4883 
ccm.,  the  normal  being  3240  c.cra.  In  some  cases  the  volume  was 
nearly  double  the  normal.  As  the  specific  gravity  of  the  plasma  is 
normal,  there  would  seem  to  be  an  increase  of  normal  plasma  and  an 
actual  increase  in  the  number  of  red  corpuscles. — Ed.] 

Nucleated  red  blood-discs  hold  about  the  same  relations  as  do  the 
poikilocytes.  After  their  appearance  in  the  circulating  blood  had  long 
been  looked  upon  as  an  extreme  rarity,  Ehrlich  ^  was  successful,  with 
the  aid  of  his  staining  method,  in  first  demonstrating  the  presence  of 
nucleated  red  blood-corpuscles  in  all  cases  of  severe  anemia.  The  first 
special  mention  of  nucleated  red  blood-corpuscles  in  chlorosis  is  to  be 
found  in  a  dissertation  by  C.  Jacoby  ^ ;  the  blood-preparations  were 
prepared  and  examined  by  Ehrlich  himself,  and  the  cells  were  of  the 
large  nucleateil  variety  known  as  megaloblasts.  The  same  cell  forms 
were  found  later  by  Hammerschlag  *^  in  a  case  of  chlorosis.  The  small 
nucleated  red  blood-corpuscles  (normoblasts)  are  much  more  frequent. 
With  careful  searching  and  the  employment  of  a  good  staining  technic 
they  will  always  be  found  to  some  extent  in  every  moderately  severe 
case  of  chlorosis.  From  daily  examinations  of  the  blood,  we  have 
frequently  been  able  to  establish  that  their  number  varies  consider- 
ably and  apparently  without  any  regularity.  Sometimes  every  specimen 
contains  one,  two,  or  more  nucleated  corpuscles ;  on  other  days  many 
specimens  must  be  examined  before  a  single  one  is  found.  That  they 
suddenly  appear  in  large  numbers  in  a  similar  manner  to  the  "  blood- 
crises"*^  first  described  by  the  authors,  as  Neudorfer^^  mentions,  the 
former  has  never  seen  in  spite  of  diligent  investigation,  although  we 
has  seen  this  quite  frequently  in  other  forms  of  anemia.  From  the  in- 
vestigations of  Neumann,  Bizzozero,  and  particularly  those  of  Ehrlich, 
no  doubt  can  exist  concerning  the  significance  of  the  small  nucleated 
blood-corpuscles  (normoblast*^).  They  are  the  evidence  of  active  regen- 
erative processes  in  the  blood-forming  organs  (bone-marrow).  Clinical 
'  Jour,  of  Phy8iol.y  vol.  xxv.,  p.  6. 
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facts,  however,  do  not  allow  of  tlie  conclusion  that  their  appearance  in 
the  bkxKl  is  the  forerunner  of  a  speedy  cure  of  the  chlorosis.  The  in- 
crease of  the  naeleuted  cells,  moreover,  coincides  just  as  frequently  with 
deteriorations  as  with  improvements  in  the  hemoglobin  jjcroentage  and 
general  condition.  It  would  seem  from  this  that  the  regeneration  in 
the  blood-forming  organs  does  not  occur  everywhere  with  the  same  degree 
of  energy.  While  in  one  location  it  may  Ijc  so  active  that  young,  un- 
tnature  nucleatetl  structures  am  thrown  out  into  the  blood ;  in  other 
situations  the  process  may  still  be  at  a  very  low  eljb.  Onlinarily,  the 
course  of  chlorosis  is  much  too  extended  and  the  regeueratifm  nf  the 
blocxl  much  too  limited  f(*r  the  pnx*ess  of  recovery  to  have  a  visible  ex- 
pression in  the  blooil  itself  in  the  fonii  *>f  a  sudden  flcMKling  of  the 
blood  witli  nucleated  tlrment>, 

Aecordiug  to  E.  Manigliauo  and  V.  ( iistellino*^  blood-corpuscles  are 
to  be  found  in  severe  forms  of  chlorosis  in  which  the  agonic  phenomena 
("slow  necrobiosis'*)  described  by  tlieni  may  be  recognized. 


THE  COLORLESS  ELEMENTS, 

The  statements  in  regard  to  the  white  blood-corpuscles  are  much 
fewer  in  number.  The  older  authors  s|>eak  only  of  *'  normal  condition/* 
of  *^  slight  incrense/^  or  of  **  slight  decrease."  Characteristic  changes 
in  number  and  form,  as  they  occur  in  otiier  diseases  of  the  blood,  were 
denied*  In  a  general  way  this  old  teaching,  based  more  upon  estimate 
than  upon  actual  count,  still  hohis  good.  The  newer  investigations  of 
the  blood,  dii-ectetl  especially  toward  the  white  corpuscle,  have  indeed 
furnished  «s  with  more  accurate  information  concerning  their  number, 
the  pro[>ortion  in  which  the  individual  varieties  are  found,  and  the 
occasional  api>earance  of  the  rarer  forms,  but  nothing  has  been  changed 
in  the  old  statement  thnt  the  leukocytes  are  not  subject  to  any  charac- 
teristic change  in  chlorosis. 

The  following  may  be  mentioned  as  some  of  the  results  obtained 
by  individual  irn-estigators  : 

In  7  cases  of  chlortjsis,  Sorensen  ^  found  the  average  ratio  of  white 
corpuscles  to  red  to  be  as  1  :  616.     In  28  eases  Graber  found  the  ratio 
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Graber**  regards  the  ratio  as  normal — and  we  agree  with  him — as 
long  as  it  remains  between  the  extremes  of  1  :  400  and  1  :  1000.  Since 
the  red  blood-discs  were  undiminished  almost  throughout  Graber's 
cases,  his  figures  show  that  not  only  the  relative,  but  also  the  absolute, 
nomber  of  white  cells  were  almost  always  normal.  Reinert  ^  came  to 
absolutely  the  same  result  in  his  examinations  of  the  blood  of  10  cases. 
With  two  exceptions  the  absolute  numbers  were  between  4000  and 
10,000  white  corpuscles  in  the  cubic  millimeter ;  larger  numbers  were 
observed  in  2  instances  (11,000  and  13,000).  The  relative  proportions 
usually  remained  between  1  :  400  and  1  :  900 ;  temporarily  the  ratio  in 
individual  cases  was  somewhat  less.  lull  cases  of  chlorosis  Muir  ^^ 
counted  between  2000  and  8000  white  blood-corpuscles ;  the  relative 
proportion  always  remained  within  the  limits  designated  as  normal  by 
Graber.  According  to  R.  MuUer  *  the  increase  of  the  white  corpuscles 
after  the  ingestion  of  food  ("  digestion  leukocytosis  ")  is  much  less  in 
chlorotic  than  in  healthy  individuals. 

The  mass  of  white  blood-corpuscles,  as  is  well  known,  is  composed 
of  a  number  of  verj'  different  forms.  The  study  of  these  was  first 
made  possible  by  Ehrlich's^  fundamental  work.  We  are  indebted  to 
one  of  his  pupils,  Einhorn,**  for  the  earliest  communications  concern- 
ing the  relative  proiwrtions  of  the  forms  of  leukocytes  in  chlorotic 
blood.  In  4  cases  he  found  9.28,  11.46,  21.6,  and  52  per  cent, 
of  lymphocytes,  while  the  remainder  of  the  white  corpuscles  were  to  be 
classified  among  the  mononuclear  and  polymorphonuclear  cells.  For 
the  proper  valuation  of  these  figures  it  is  important  to  remember  that 
the  same  author  found  the  healthy  blood  to  contain  20-30  per  cent,  of 
lymphocytes.  The  investigations  of  Graber "  were  more  extended ; 
the  percentage  of  the  lymphocytes  was  mostly  normal  (according  to 
Graber,  normal  =  15-35  per  cent.,  average  24.5  per  cent.).  In  only 
2  instances  was  the  number  of  lymphocytes  considerably  increased 
above  this  amount,  reaching  40  and  61  per  cent.  We  will  limit  ourselves 
to  the  statement  of  these  facts,  because  we  do  not  yet  sufficiently  appre- 
ciate what  significance  is  to  be  attributed  to  a  slight  increase  or  decraise 
of  the  lymphocytes. 

A  slight  relative  and  absolute  increase  of  leukocytes  with*  coarse 
eosinophilic  granulations  has  frequently  lx*en  described  by  such  investi- 
gators as  Eichhorst.*^  The  author's  personal  experience  confirms  the 
correctness  of  this  observation  in  individual  eases ;  the  exact  counts, 
however,  are  not  at  his  disposal.  Such  counts  are  to  be  found  in  the 
articles  by  Canon,®  H.  F.  Miiller,  and  Rieiler,"  and  Zapj)ort."  The 
normal  number  of  eosinophile  cells  usually  varies  between  50  and  250 
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in  the  eubic  millimeter  ;  they  coraprise  about  1-4  per  cent,  of  the  white 
cY^rpuscIes.  A  greater  number  may,  liowever,  Ixi  exceptionally  encoun- 
tered in  healthy  iinlividiials^  reiiching  11  per  cent,  (Zappert)  and  20  per 
tient.  (Rieder  and  Miiller).  Canon,  who  furnished  the  first  statistics 
njjon  the  eosinophiles  in  ehlnnisis,  rtMLnirdij  2  eases  with  0.75  and  5 
per  cent.  In  M idler  and  KitHlerh  7  vasea  of  pure  chlorotiiLs  the  fjer- 
centages  lay  between  1,14  and  3Ji  per  cent,  in  6  in>tances ;  in  1  t-ase 
9.6  per  cent,  was  observetL  In  11  case^  Zappert  found  tlie  abs^olute 
numbiT  to  %'ary  between  97  and  500;  the  relative  proportion  was 
between  0.B5  and  :}JA  per  cent,,  only  once  rising  to  H.04  j>*?r  cenL 
None  of  the  authors  namt'd  have  attributed  any  diagnostic  or  prog- 
nostic siguitieauee  to  .flight  increase  or  decrease  in  the  nuraber  of 
eo^inophile  celk.  Only  Neu^ser,**  who  attempts  to  draw  far-reaching 
conclusions  in  various  conditions  of  tiie  blood,  believes  that  a  particular 
Bosoh^gic  iK)sition  and  a  better  pn>gno&is  must  be  given  to  the  chloroses 
with  a  marked  iuerease  f>f  the  eostnojihile  eh^nu^nt. 

It  is  to  Ix'  mentioned  as  a  rarity  that  Hammersehlag^  found  large 
raoDonnclear  IcnkfK'ytes  witli  neutrc>i)hi]ic  granulations  (myelocyte^!)  in 
the  blootl  of  verj'  severe  cases  of  chlorosis,  Tlie  author  has  never  seen 
such  a  cell  in  numerous  well-stained  specimens  obtained  from  severe 
cases. 

Mnir**  is  tlie  only  author  the  writer  has  found  w^ ho  makes  exact 
statements  in  rt-gai'^l  to  tlie  biMod-plntelets.  He  reganls  from  200,000 
to  300j000  platelets  in  a  cubic  millimeter  as  the  normal  number  in 
healthy  Individuals ;  in  chlurotic  l)Iood  they  were,  almost  without  ex- 
ception, considc^rably  increased,  the  number  in  most  cases  being  l>etween 
3;i0,000  antl  400,000.  Ilanot  and  Matthieu,^  without  making  any 
accurate  counts,  had  previiuisly  called  attention  to  the  increased  numl>er 
of  platelets  found  in  chlorotic  blo4:wl  and  hail  utilijsed  this  fact  in  the 
f'xplanation  of  the  Uiromboses  occurring  in  chlorosis. 

CHEMISTRY  AND  PHYSICS  OF  THE  BLOOD. 

Specific  Gravity  and  Dry  Mesidae. — The  decrease  in  the 
specific  gravity  and  in  the  dry  residue  holds  a  relation  to  the  diminu- 
tiou  of  the  numljcr  of  red  bhwid-cells  and  lieinoglubin.  A  complete 
parallelism  between  tlu-  liemoglobin  percentage  and  the  specific  gravity 
Cikuld  naturally  l>e  expected  only  when  all  the  other  constituents  influ- 
encing  the  sixH-ific  gmvity  nf  the  bltwKl,  particularly  ihc  albumins  of 
the  serunij  remain  unchange*L  On  the  whole,  this  is  true  of  ehlorotic 
blood,  and  A.  Hammerst*hlag^*'  comes  to  the  conclusion  that  "In 
chlorosis  a  constant  relation  exists  betw*ecn  the  hemoglobin  percentage 
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and  the  specific  gravity,  since  a  definite  hemoglobin  percentage  in  dif- 
ferent patients  corresponds  to  the  same  specific  gravity.  It  consequently 
follows  that  we  may  estimate  the  amount  of  hemoglobin  from  the  specific 
gravity,  and  it  is  only  necessary  to  obtain  the  specific  gravity  to  judge 
of  the  condition  of  the  disease."  He  then  gives  the  following  table, 
based  upon  the  results  obtained  by  himself  and  Schmaltz,^  for  the 
computation  of  the  amount  of  hemoglobin  from  the  specific  gravity  : 

Specific  gravity. 

1033-1035 
1035-1038 
1038-1040 
1040-1045 
104^1048 
1048-1050 
1050-1053 
1053-1055 
1055-1057 
1057-1060 

In  this  table  95-100  per  cent,  hemoglobin  (methods  of  Fleischl  or 
(Sowers)  is  taken  as  the  normal  amount.  When  we  reflect  that  the 
more  convenient  methods  of  determining  the  hemoglobin  percentage  at 
the  bedside  are  combined  with  great  sources  of  error,  excluded  only  by 
long  practice,  and  that  the  determination  of  the  si>ecific  gravity  (by  the 
methods  of  Schmaltz,  Hammerschlag,  Lloyd  Jones)  may  be  carried  out 
with  great  exactness,  the  suggestion  of  Hammerschlag  becomes  clearly 
practical  and  acceptable.  Stintzing  and  Gumprecht"^  have  indeed 
shown  that,  both  in  the  investigations  of  Hammerschlag  and  also  in  the 
similar  ones  of  Siegl,^*  Schmaltz,  and  Scholkoif,^^  the  hemoglobin  per- 
centages do  not  always  go  exactly  parallel  with  the  specific  gravities. 
From  this  would  follow,  according  to  the  views  of  these  authors,  the 
uselessness  of  Hammerschlag's  comparative  table  and  the  still  more 
accurately  computed  one  of  Schmaltz.'^^  We  can  not  share  in  these 
objections,  but  we  do  think  that  the  slight  incongruities  which  are  found 
between  the  specific  gravity  and  hemoglobin  ])ercentage-curves  may  be 
explained  by  the  uncertain  methods  of  hemoglobin  estimation.  If  we 
wish  to  make  very  accurate  scientific  investigations  upon  the  percentage 
•of  hemoglobin  of  the  blood  we  must  always  confine  ourselves  to  direct 
estimations  of  hemoglobin  ;  we  should  then,  however,  employ  only 
really  good  and  exact  methods  and  not  choose  instruments  which  give 
rise  to  all  sorts  of  errors  (v.  Noorden  ^*).  For  the  purpose  of  obtaining 
information  at  the  bedside,  for  judging  the  amount  of  the  decrease  in 
hemoglobin,  and  to  determine  the  advance  of  the  increase  or  decrease 
of  the  coloring-matter  of  the  blood  of  the  individual  cases,  the  estima- 
tion of  the  specific  gravity  is,  however,  sufficiently  accurate.      The 
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tftblen'  of  HamiDenidUag  (see  p.  379)  or  of  Schmaltz  are  then  to 
\hs  inn\fhfyfA^  and  we  may  re^  aflsored  that  a  direct  estimatioD  of  the 
hemfff^Afin  by  rme  of  the  more  oonveoieDt  methods  in  vogae  (Fleischl, 
(iowerHf  ete.)  wrnjld  oot  have  frnmi^hed  any  more  accurate  results. 
^Fhin  in  only  Up  1m;  reor>mmended  for  chlorosis,  since  it  has  been  estab- 
liifbed  in  this  diseai^  that  the  dried  residue  of  the  serum,  which  also 
lias  an  imfKirtant  in6uence  upon  the  specific  gravity,  deviates  very  little 
or  not  at  all  fr^>m  the  normal  (set  p.  381).  The  amount  of  albumin 
in  the  Merum  suffers  only  in  the  very  severe  cases  (E.  Grawitz*),  and 
the  specific  gravity  of  the  entire  blood  would  then  naturally  indicate  a 
smallr«r  percentage  of  hemoglobin  than  was  actually  present. 

Ah  has  juHt  l>een  indicated,  the  dry  residue  of  the  entire  blood  may 
alw>  \Hi  determined  instead  of  the  specific  gravity.  The  serum  albumin 
Ixfing  approximately  constant  and  a  change  in  the  amount  of  contained 
salts  Imving  such  a  trivial  influence,  a  decrease  in  the  dry  residue  is  to 
be  referred  to  a  diminution  of  the  percentage  of  hemoglobin.  The 
procedure  was  first  employed  by  the  author  for  the  express  purpose  of 
ascertaining  the  amount  of  hemoglobin  ;  some  of  the  results  so  obtained 
were  published  in  the  dissertation  by  Lipman-Wulf.^^  The  method  was 
more  accurately  studied  and  tested  by  Stintzingand  Gumprecht.''^  With 
the  exception  of  small  differences,  having  scarcely  any  practical  import, 
the  results  agree  with  those  obtained  by  the  estimation  of  the  specific 
gravity.  Stintzing  and  Gumprecht  give  the  following  comparative 
table  for  chlorosis  (the  so-called  ^'relative"  hemoglobin  values  have 
bcM!n  transformed  into  percentages — normal  =  12.5  percent,  in  healthy 
women) : 

Dry  residue.  Percentage  of  hemogloblu. 

12.6  per  cent  3.7^  5.00 

13.4      "  6.00-  6.26 

16.8      "  6.25-  7.60 

18.3      "  7.50-  8.75 

18.8      "  8.75-10.00 

19.0      "  10.00-10.60 

Those  figures  also  are  true  only  for  chlorosis,  in  other  anemias  which 
iMiuso  a  dtH»n»ast*  in  Iho  serum  albumin  the  dry  residue  is  somewhat  less 
with  the  simie  amount  of  hemoglobin.  Stintzing  and  Gumprecht  were 
able  to  wnfirm  the  previously  known  fact  that  during  recovery  from 
ohlonviis  the  dry  residue  of  the  blood,  or  its  hemogU^bin,  increases  much 
nu>rt»  mpiilly  than  the  numlnT  of  bloiHl-oorpuscles  (see  p.  370). 

A  tew  figun^  may  elucidate  the  behavior  of  the  specific  gravity  and 
of  the  dry  rt^siiluo  of  the  bkxxl  in  chlon>sis. 

'  O,  DiabelU  has  ivixmuIt  workini  out  this  question  in  a  most  tliorough  manner. — 
.|i>A, /  WiV  MryL  IM.  57.  S.  302,  li>96. 
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In  healthy  individuals  the  specific  gravity  of  the  blood  varies 
between  1055  and  1060,  the  lower  figures  being  more  frequent  in 
women.     In  chlorotic  girls  and  women — 

Hammerscblag^  found  1035-1045.5 

Lloyd  Jones  ^^         "      1035-1049 

Schmaltz  •  "      1030-1049 

Hammerschlag  ^     "      1036-1052 

Menicanti "  ''      1034-1046 

According  to  Stintzing  and  Gumprecht,  the  dry  residue  of  the  blood 
in  healthy  women  amounts  to  18.4-21.5  per  cent.  In  13  cases  of 
chlorosis,  at  the  height  of  the  dii^ease,  the  same  authors  record  in  8 
instances  values  between  11.7  and  16  {)er  cent.,  in  5  instances  values 
between  16  and  19.4  per  cent.  The  figures  of  E.  Grawitz^  vary 
between  13.8  and  16.2  percent.  The  author's  results  in  the  years 
1889-1892  were  mostly  obtained  from  very  severe  cases,  and  are  as 
follows:  in  7  instances  11-13  percent.,  in  4  instances  13.1-16  per 
cent  In  1 1  observations  made  by  Maxon  ^  the  dry  residue  varied 
between  11.4  and  17.5  per  cent. 

The  concentration  of  the  serum,  which  is  not  without  signif- 
icance for  the  critical  judgment  of  the  conditions  just  described,  was 
specially  studied  by  Becquerel  and  Rodier,  and  by  Hammerschlag.  The 
normal  specific  gravity  varies  between  1028  and  1032.  Becquerel  and 
Rodier'*  give  1028.1  as  the  average  value  in  chlorosis;  in  30  cases 
Hammerschlag^  records  nothing  less  than  1027  and  nothing  more  than 
1032.  The  numbers  most  frequently  recurring  are  1029  and  1030. 
The  results  obtained  by  Lloyd  Jones*  and  E.  Grawitz  correspond 
throughout,  but  Grawitz*  adds  that  in  very  severe  cases  of  chlorosis 
the  serum  is  also  affected,  losing  some  of  its  albumin  and  consequently 
exhibiting  a  lower  specific  gravity  and  less  dry  residue.  He  mentions 
2  cases  with  7.28  and  7.60  per  cent,  of  dry  residue  respectively  (in 
contrast  with  10  per  cent.,  which  is  about  normal).  The  nutritive  con- 
dition was  evidently  |)oor  at  the  time,  because  when  the  diet  became 
richer  and  the  patient  gained  in  weight  the  concentration  of  the  serum 
rose  rapidly  to  the  normal  long  before  the  hemoglobin  percentage  had 
experienced  a  similar  increase. 

We  are  indebted  to  the  investigations  of  v.  Limbeck  and  F.  Piek'^ 
for  certain  information  in  reference  to  the  relative  proportions  of  the 
albuminons  snbstances  in  the  serum.    The  first  and  second 

*  Lloyd  Jones  desi^i^atea  1027.1  as  the  normal  average  value  of  the  specific  gravity 
of  the  blood  in  girls  under  fifteen  years  of  age,  1028.1  in  girls  over  fifteen.  In  chlorosis 
he  foand  1025.5-1029,  with  an  average  of  1027.3,  a  practically  normal  value. 
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cases  ghowefl  34./)*!  and  38,3  per  cent,  of  globulin  respeetively  j  the 
large  remaining  pereeiiUige  was  ji!l>iiniin.  These  figures  are  to  l)e  found 
in  the  table  which  these  authors  publi,sheil  upon  the  composition  of  the 
normal  serom  ;  the  normal  taUk%  indeed,  mure  frequently  shows  a  some- 
what smaller  periTivbige  af  globulin. 

According  to  tlie  anaivi^ies  i»f  Becquerel  and  Hodier  ^^  the  amount  of 
fibrin  is  increaseil  in  chh>rotic  bhKxl  ;  they  record  3  per  cent,  of  fibrin, 
whih^  normal  blood  contains  only  1.9—2.2  |^K*r  cent.  Neither  of  these 
obser%'ations  have  been  of  value  as  yet  for  the  critical  investigation  of 
the  chlorotic  process. 

Isotonic  Value  of  Serum. — In  conehiding  the  consldemtion  of 
the  characteristic's  of  tlie  scrum  the  result.s  of  a  few  experiments  in 
reference  to  its  isotonic  value  are  to  be  mentioned.  There  are  only  two 
observations — those  of  v.  Liml:)eck.**  He  found  the  isotonia  of  the 
blorHl-eorpuscles  (or  of  the  jUasma)  to  ecjual  that  ol'^  0.38  and  0.4  per 
cent,  solutiouH  of  eodium  chlorid  (the  norma Ij  according  to  v.  Limbeck, 
is  0.44-0.48  per  e^nt,). 

Mineral  Substances.— Of  the  mineml  substautMi's  occurring:  in 
the  bl<MKl,  iron  has  itaturally  excited  the  niost  attention,  i^ince  it  is  a 
constituent  of  the  lienujglohin.  The  oldest  and  8till  the  mo&t  important 
analyses  were  made  hy  Becqnerel  and  llodier.**  In  contrast  to  the  nor- 
mal amrnint  of  O.48(i-0.57o  j>er  cent.,  the  blocks  of  six  chlorotic  indi- 
viduals showed  an  average  of  only  0.319  per  cent,  of  iron.  Since  that 
time  the  theorj'  of  the  iron  impoverishment  of  the  blotKl  in  chlorosis 
has  been  generally  accepttd,  and  it  is  only  very  recently  that  thL^  state- 
ment has  met  with  eontrndietioo.  In  6  eases  Bicrnaeki  **  found  the 
percentage  of  iron  in  the  blrMwl  either  not  diniinished  at  all,  or  not 
diminisheil  to  the  degree  that  the  decreased  amount  of  bemoglol»in 
would  indicate.  He  finally  concludes  tliat  the  im|mverishraent  of  hemo- 
globin is  by  no  means  the  real  eliemie  charaeteristic  of  chlorotic  blood, 
but  that  the  substance  of  the  CNirfHiscles  may  even  be  abnormally  rich 
in  iron  and  liemoglobin.  The  pale  color  of  the  bkK>d  Is  caused  by  the 
decrca^*  of  other  cojoring-mattersy  and  its  lowered  specific  gravity  is 
sntfieiently  expluine<l  by  the  de<*rease4l  j>ercentage  of  albumins.  Al- 
though the  dissertation  of  Biernacki  gives  the  impression  of  curefiil 
work,  we  must  look  ujwm  liis  results  with  some  skepticism,  since  they 
contradict  all  previous  ex^n^riences  in  the  chemistry  of  the  blotxh 

Of  tlie  other  constitnents  of  the  ash  of  the  blood,  %ve  are  especially 
interested  in  chlorin  (or  s<xliimi  chlorid),  potash,  and  phosphoric  aeid. 
Previous  i n vest Ig-at ions  are  unfortunately  nr*t  sufBcient  to  furnish  clear 
and  complete  intbrmation  iu  reference  to  the  quantitative  variations  of 
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these  substances  at  the  height  of  the  chlorosis  and  during  die  course  of 
the  disease.  There  are  many  contradictions  which  can  scarcely  be 
solved  with  our  present  knowledge.  We  certainly  must  not  put  im- 
plicit confidence  in  every  analysis  of  the  ash  of  the  blood,  since  such 
analyses  are  the  most  difficult  in  chemistry  and  but  few  physicians  are 
competent  to  make  them. 

It  may  be  supposed  a  priori  that  those  salts  occurring  chiefly  in  the 
red  cells  will  be  found  in  diminished  amounts  in  chlorosis,  while  those 
occurring  chiefly  in  the  serum  will  be  found  in  normal  or  even  rela- 
tively increased  quantities.  This  conclusion  is  nevertheless  not  impera- 
tive, since  the  phosphates  of  the  red  corpuscles  may  increase  or  decrease 
completely,  independently  of  their  hemoglobin  percentage.  Without 
entering  upon  a  discussion  as  to  the  range  of  the  observations,  we  will 
state  the  previously  obtained  facts. 

Becquerel  and  Bodier  :  ^ 

Total  blood. 


In  health.  In  chlorosis. 

Sodium  chlorid    .  0.35-4.00  per  ct  (average  =  0.390  per  ct )        0.310  per  ct 
Phosphates  .   .    .0.25-0.65      "      (       "      r- 0.354      "     )       0.441      "      (average), 

Biemacki :  ^ 

Total  blood. 


In  health.  In  chlorosis. 

Sodium  chlorid  .    .  0.441-0.468  per  ct.  0.479,  0.437,  0.427,  0.474,  0.474,  0.532  per  ct 

Potash      0.160-0.174      "  0.127,0.128,0.120,0.104,0.125,0.061      " 

Phosphoric  acid  .   .  0.0729  "  0.056  per  ct 

The  individual  numbers  are  arranged  according  to  the  d^ee  of 
hemoglobin  imiK)verishment.  The  first  five  values  of  sodium  chlorid 
and  potash  and  the  isolated  value  for  phosphoric  acid  were  obtained 
from  mild  degrees  of  anemia  (hemoglobin  decreased  to  one-half  or  to 
one-third).  In  tlie  sixth  case  the  hemoglobin  percentage  was  diminished 
to  one-fourth  of  the  normal  value. 

v.  Moraczewski :  ^ 

Total  blood  in  chlorosis. 

Chlorin 0.2605,  0.2910,  0.2340,  0.293  per  cent 

Phosphoi-us 0.0466,  0.0751^,  0.0816,  0.036        ** 

v.  Moraczewski  designates  0.1-0.2  per  cent,  of  chlorin,  and  0.1 
per  cent,  of  phosphorus  as  the  normal  i)orcentages.  In  chlorotic  l)lo(xl, 
therefore,  he  found  the  phosphorus  deeroasod  and  the  chlorin  increased. 

The  author's  assistant,  Dr.  Pickardt,  found  the  following  conditions 

in  a  chlorotic : 

Blood :  Dry  residue  — -  13.9  per  cent. 

Hemoglobin  calculated  from  the  dry  residue  ~  5.8  per  cent. 
Hemoglobin  by  colorimetric  determination  =  5.6  per  cent 
Chlorin  =r  0.324  per  cent. 
Blood-corpuscles  =  3,800,000. 
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At  the  time  of  the  ^rithdniwal  of  the  bk>od  the  urine  containc 
0.42  per  ci-nt,  of  clilorin.     The  amount  of  cbloriii  in  the  uriii' 
between  0,42  per  cent,  and  0.49  per  cent. ;  upon  a  salty  diet  the  daily 
amoiinti^  of  ehloriii   in   the   urine  were:  9.2  gm.,  6.15  gra,,  8.84  gm. 
The  bloml  fur  ex«minatiun  was  tiken  upon  the  last  day. 

Alkalinity.— Mimy  in%'estigatiutiB  have  l>een  carried  out  ui  refer 
enoe  to  the  nlkalinity  of  the  blood.     Reliable  figures  are  wanting,  how- 
ever, since  the  ordinary  methoils  for  determining  the  alkalinity  furnish 

mther  inaccurate  results.     The  first  rt^iiorts  ei>nie  from  de  Rezi,''^  who 

I  '  I 

records  a  ra<Hlenite  dimiuutifm  of  alkalinity.  The  invesitigations 
V.  Jaksch  **  led  to  a  similar  result.  These  analyses  were  contradict 
by  those  of  Gniher,^  who  us^etl  the  same  methods  as  those  employcHl 
V.  Jaksch  and  found  an  increased  alkalinity.  Peiper*^  and  W.  H. 
Rumpf^^  agree  with  Griiber.  The  position  of  Rnmpf  is  to  be  jmrticu- 
larly  emphasized,  since  he  designates  the  increased  alkalinity  as  an 
essential  quality,  differentiating  chhtrosis  fn»m  other  fitrnis  of  anemia*  j 
He  says  :  **  By  the  increased  alkalinity  of  the  blood,  clilorosis  pr0vafl| 
itself  to  be  a  chemic  disturbance  of  the  plasma  which  progresses  with 
alterations  of  form,  size,  and  coloring*strength  of  the  retl  blood- 
corpuscles."  Dronin  ^  reports  1  case  with  increased  and  1  ca^e  with 
diminii^hed  alkalinity.  Fi\  Kraus**  determined  the  quantit)"  of  CX), 
in  venous  bhiod  (H.  Meyer's  method  of  determining  the  alkalinity). 
Since  the  quantities  obtained  were  M'ithin  normal  limits  (36.97  and 
37.01  per  cent,  of  COj  by  volume)^  he  objects  to  the  teaching  of  Graljer. 
V.  Limbet^k  and  Steindler^*  likewise  obtained  normal  alkalioitiei*  by 
other  methods. 

We  will  not  enter  into  a  discussion  upon  these  contradictory  results^ 
since  the  important  studies  of  A,  Ijoewy*^  have  impaired  the  value  of 
these  and  similar  <leterminatii>ns  of  alkalinity.  Ltn^wy  was  able 
demonstrate  the  inadmissability  of  all  metliods  that  worked  with  opa<[Ul 
blood;  he  productxl  pnH)f  showing  why  they  must  furnish  contradictory 
results.  Acconling  to  A.  Loewy's  experimental  studies,  there  remain 
but  two  metljcKls  which  may  Ix*  employtxl  : 

1,  The  determination  of  the  amount  of  carbonic  acid  in  the  bh*od 
(employed  only  by  Fr.  Kraus  in  chlorosis).     It  is  true  that  we  learn 
absolutely  nothing  about  the  total  alkalinity  of  the  blix»d  or  of  the 
serum,  Ivut  we  do  learn  s^imething  about  a  jwirtion  of  the  blorxl  whic 
is  physiologically  effective  in  a  definite  direction,  namely,  the  por 
which  is  of  inijMirtance  for  the  iuterchaoge  of  gases. 

2.  Titnition  of  lakrd  IiIiuhI      In  addition  to  the  alkali  effcH^tive 
a  carbonic-acid  carrier,  this  procedure  also  reveals  a  certain  amoiu 
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ao other  alkali,  the  function  and  disposition  of  which  ai^  as  yet  uokiio^^Ti. 
The  alkalinity  of  lakt'il  blotxl  is  much  higher  than  that  formerly  ol>- 
taioed  from  opaque  blood.  In  healthy  persons  lioewy  found  :  100  gm, 
of  blixid  =  447— ♦509  nig.  of  NaOH.  Among  the  patients  itj  the  author's 
wards  who  were  examined  by  A.  Loewy,^  at  the  reijueHt  of  the  former, 
there  was  a  girl  with  chlorosis.  At  the  height  of  tlie  disease  the  alka- 
linity was  equal  to  662,3  nig, ;  during  improvement  to  541.8  mg.  NaOH 
for  100  gm.  of  blfM^i  Other  investigations,  with  the  aid  of  the  titra- 
tion method  of  Loewy,  the  only  one  now  admissible,  have  not  yet  been 

carried  out. 

REVIEW. 

If  we  re\new  the  preceding  discussioUj  the  judgment  pronounced 
at  its  begin niog  will  not  seem  too  severe.  In  the  c^nirse  of  the  la^^t 
twenty  years  a  great  amount  of  earnest  effort  has  been  devoted  to  the 
iavestigatioD  of  the  bhx)d  of  chh>n>6is,  and  yet  we  have  acquired  sciiret^ly 
any  facts  which  are  absolute  or  of  pnictiml  signitiimnce.  It  L*  to  be 
hoped  that  the  suggestions  furnished  from  the  confused  mass  of  loosely 
ooonected  individual  observations  will  l>e  productive  of  systematic  and 
well-planned  investigations. 

In  closing  the  author  will  review  the  most  important  points.  The 
following  statements  may  now  be  made  in  reference  to  chlorotic  blood  : 

The  decrease  of  the  hemoglobin  percentiige  is  constant.  According 
to  all  authors  it  is  more  marked  than  the  diminution  in  the  noral>er  of 
oorpuscles.  Some  go  so  far  as  to  deny  any  decrease  of  the  latter  in 
pure  cases  of  chlorosis.  This  is  without  doubt  an  exaggeration.  It  is 
not  justifiable  to  exclude  those  frequent  cases  in  w4iich  the  clinictd 
diagnosis  has  been  accurately  made  and  designate  them  i:is  complicated 
because  of  a  decrease  in  the  numlwr  of  corpuscles,  since  the  blood  de* 
scribed  as  typical  by  Duncan  and  Griiber  is  not  to  be  held  up  as  a 
standard.  In  the  meantime  the  conditions  which  pnxluce  a  decrease  in 
the  mmiber  of  corpuscles  as  well  as  an  impoverishment  of  the  hemo- 
globin are  not  yet  sufficiently  established. 

In  all  severe  cases  an  irreguhir  distribution  of  the  coloring-matter 
and  irregularities  of  form  of  the  re*;!  corpuscles  are  constant ;  the  ap- 
pearance of  normoblasts  in  large  or  small  numbers  is  also  constant — at 
least  in  severe  cases.  In  these  respects  severe  forms  of  chlorosis  re- 
semble all  other  forms  of  anemia. 

The  condition  of  the  white  blood-eorpuscles  is  normal  in  all  essential 
points.  In  this  respect  chlorotic  blood  differentiates  itself  from  many 
other  forms  of  anemia. 

The  dry  residue  and  specific  gravity  of  the  blood  decrease  at  ap- 
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proximately  the  same  rate  as  the  hemoglobin,  which  permits  conclusions 
to  be  drawn  from  tbe-^e  factors  id  refereiict!  t*>  the  hemoglobin  perc-entage. 
In  pure  cases  of  chlorosis  the  density  of  the  serum  is  not  decreaBed, 

Of  the  niiueral  sub.^tauces  of  the  blood,  iron  suffers  a  diminution 
correspond iug  to  the  lo.ss  of  hemoglobin.  Tliat  which  has  been  learned 
in  reference  to  the  other  mineral  substances  is  so  insufficient  and  crjntra- 
dictory  that  a  conclusion  can  not  be  drawn  either  as  to  their  significanoe 
or  as  to  the  diagnosis  of  the  chlorotic  process- 


THE  VASCULAR  SYSTEM 

In  chlorosis  the  vascular  apparatus  is  the  most  frequently  affected  of 
all  the  sy^;tenls  of  organ>!.     Some  of  these  changes  are  tlie  most  regular 

concomitants  of  the  disease. 

HYPOPLASIA  OF  THE  VASCULAR  SYSTEM, 

Some  have  gime  so  far  as  to  bring  chlorosis  into  a  close  etiologic 
Illation  with  jiathologic-anatomic  changes  in  the  vascular  apparatus. 
After  Rokitansky^  first  pointtn]  out  that  a  permanent  and  almost  in- 
cumble  chlorotic  condition  is  fi)nud  in  women  with  hypoplasia  of  the 
vascular  systenx  and  genitalia,  R.  Virchow  '  made  a  thorough  study  of 
this  question.  He  published  the  reports  of  some  autopsies  in  which  the 
aorta  was  thinner  and  of  smaller  cidiber»  and  in  which  there  had  been 
other  devehipmcntid  disturbances  of  the  arterial  system.  Since  the 
extensively  quoted  work  of  Virchow,  we  have  not  gained  much  addi- 
tional information  upon  this  ]x>int ;  it  is  to  be  particularly  noted  that 
no  extensive  repnrt  of  such  autopsies  has  since  1km ^n  publishetl.  Indi- 
vidual wmfiiTQatory  results  have,  however,  not  beeu  wanting.  We  men- 
tion the  aises  of  Gilly,*'  Tissier,**  and  one  of  Kockel's.***  In  the 
autopsy  re|>ort«,  liy  Bollinger,'**^  Rendu/^  and  a  second  case  by  Kockel^ 
nothing  is  said  about  hypoplasia  of  the  aorta. 

Some  have  since  gone  beyond  Virchow*s  own  stiitements,  and — pur- 
porting to  have  theanthoritA'  c»f  Virchow — have  represented  the  condition 
of  affairs  as  if  chlorosis  was  always  due  to  the  congenital  narrowness 
of  the  aorta  and  other  vascular  hypoplasias.  The  simple  cliniail  reflec- 
tion tlmt  the  narrowing  of  the  aorta  is  a  permanent  and  incurable  con- 
dition, while  chhjrosis  is  but  a  temporary  and  exisily  curable  disease  in 
the  greiit  majority  of  cases,  should  have  prevent^H:!  tliis  ern>r.  Before 
we  can  accept  the  lessf^ned  caliber  of  the  aorta  and  it«  branches  as  the 
anatomic  cause  of  chlorosis,  new  and  abundant  material  must  be  fur- 
nished by  careful  and  co<lpnitive  work  in  the  hospital  and  autopsy 
room.     Among  the  cases  of  Virchow,  as  well  as  among  those  published 
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by  other  authors  (Lewioski  ^"^),  there  are  some  which  can  not  be  classified 
BB  clilon^sis  without  consiilerable  hesitation.  From  previous  clinical 
and  anatomic  material  we  simply  know  that  a  lessened  calil)er  of  the 
aorta  and  its  branches,  in  both  sexes — whether  it  be  ccmgenital  or  ac- 
quired in  childhood — can  produce  a  diseased  ciiiidititin  in  the  maturing 
bo<]y  which  resembles  chlorosis  to  a  certain  extent.  As  a  rulcj  these 
iDdividiials  are  backward  in  general  physical  gnjwth,  and  particularly 
ID  the  development  of  the  ossckjus  and  muscular  systems.  Arrested 
development  of  the  sexual  organs  is  found  more  frcHpieotly  in  girls  than 
in  b«>vs,  a  fact  particularly  emphasizetl  by  Rokitausky.  Paleness  and 
traDsparency  of  the  skin,  delayed  men(?truation,  palpitation,  and  dyspnea 
upon  physical  exertion,  and,  not  infrcquentlyj  heart  murmurs,  help  to 
complete  the  resemblance  to  chlorosis.  No  less  conf using  is  the  cir- 
carostaDce  that  the  actual  symptorus  of  the  patient  first  develop  at 
puberty,  or,  at  least,  at  a  time  when  a  greater  amount  of  physical 
effort  is  demandetl — consequently  during  the  pcricHj  of  life  in  which 
chlorosis  usually  Ix'conies  man i test.  Tlicse  forms  of  anemia  and  of 
cardiac  and  muscular  weakness  are  indeed  incurable  and  j>ei^ist  through- 
out many  years*  Many  die  in  their  youth  as  the  n  suit  of  this  or  that 
pernicious  influence  upon  their  feeble  constitutions,  and  then  apjiear 
upon  the  post-mortem  table  as  **  ehlorosia  with  a  lessened  caliber  of  the 
aorta  and  its  branches/*  while  others,  escaping  the  dangers  of  compli- 
cating diseases  and  of  overexertion  of  the  heart,  reach  a  mature  old  age 
in  spite  of  the  vascular  anomaly.  In  reference  to  the  fate  of  such 
individuals  we  would  direct  attention  to  the  excellent  descriptions  of 
the  results  of  vascular  hypoplasia  which  were  published  by  Fmntzeh'"^ 
At  this  place  the  author  wishes  to  cite  a  brief  description  of  an 
instructive  case : 

A  young  girl  had  been  in  perfect  health  until  fifteen  years  of  age,  but 
even  as  a  child  she  had  l)eeii  of  slender  franje^  wa^  always  pale,  and  required 
more  than  ordinary  attention.  During  her  sixteenth  year  she  became  uncon- 
ecious  while  playing  tennis,  since  which  time  she  has  beeonie  paler  and  sutlers 
frequently  from  palpitation.  The  menses  had  not  as  yet  nmde  their  np|K^ar- 
aoce.  She  was  given  a  great  deal  of  iron,  later  Roncegno  water,  and  was 
aent  lo  chalybeate  baths  in  her  seventeenth  yean  There  was  no  improve- 
ment either  in  the  paleness  of  the  skin  or  in  the  tendency  to  palpitation  and 
dyspnea.  I  viras  consulted  by  the  family  physician  to  decide  which  chaly- 
beate bath  was  indicated  forlhixS  ohstinate  case  of  chlorosis.  Since  the  heart 
and  lungs  seemed  normal,  the  urine  always  free  from  albumin,  and  no  dele- 
terious influences  could  he  found  either  in  the  external  conditions  or  in  the 
habits  of  the  patient,  there  had  been  no  doubt  as  to  the  correctness  of  the 
diagnosis  of  "pure  chlorosis,'*  The  girl  wast  tall  ami  thin,  the  subeutaiieoua 
fat  was  well  developed*  as  might  have  been  exfiected  from  the  carefully 
selected  diet  of  the  patient ;  the  musculature,  on  the  contrary,  was  consider- 
ably below  Dormah     The  skin  was  vexy  pale,  trausimrent,  and  had  a  cyan- 
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adc  tinge  at  tbe  finger-tips;  the  nails  were  very  thin  and  brittle.  The 
breaiitfl  were  fioorly  developed  and  consisted  entirely  of  fatty  tiseue,  no 
glandular  substance  being  palpable;  the  nipples  were  not  larger  than  those 
of  a  child  ten  years  of  age.  The  lieart  was  enlarged  to  tbe  left  and  pre- 
sented a  strong,  heaving  apex-beat ;  the  dylnei^s  extended  to  the  right  as  far 
as  the  midiJle  of  the  internum.  In  addition  tj]>  clear  tones»  a  sygtoHc  muriDur 
conld  be  heard  all  over  the  he^irt,  being  particularly  loud  over  the  pulmonic 
cartilage.  With  the  head  erect,  uo  inunuura  could  l>e  heard  in  the  veins 
of  tbe  neck,  Tbe  right  radial  pul&e  was  of  moderate  aisce,  tbe  left  was  con- 
siderably smaller.  Walking  rapidly  about  the  room  caused  the  pnbe-rate 
tn  increase  froii)  80  to  J*6  l^eata.  The  young  woman,  although  in  her  eight- 
eenth year,  had  not  yet  menstruated.  There  was  scan^ely  any  indication 
of  pubic  hair  ;  the  external  genitals  re^jtemlded  those  of  a  child.  It  was 
plainly  to  l>e  seen  that  we  bad  to  do  witli  a  case  of  retarded  deveh)pmeot, 
similar  to  those  described  by  llokitansky,  and  not  with  a  case  of  true 
chlon>sis.  When  tbe  author  examine<l  the  blwid  U]>on  the  following  day, 
be  found  that  it  bad  a  sjjecific  gravity  of  1052  and  contained  4,900,000 
corpus<.'les  to  the  cubic  millimeter.  In  spite  of  the  extremely  aneniic 
appearance  of  the  |>atient»  the  bhiod  did  not  correspond  in  the  slightest 
degree  to  that  of  chlorosis.  In  reference  to  the  further  progress  of  the 
case»  it  may  be  stated  that  the  girl  gained  some  strength  during  a  prolonged 
sojourn  at  the  seacoast,  bnt  that  after  the  la^jse  of  two  years  and  in  spite  of 
repeated  courses  of  iron  she  has  remained  just  as  weekly  and  poorly  developed 
as  before. 

If  cases  like  the  ooe  just  described  are  gnnipcd  with  chlorosis,  the 
theory  of  Virchow  may  still  meet  with  further  confirmation.  From  u 
clinical  standpoint,  however,  we  nuist  regiird  such  a  cfuirse  as  inad* 
missible.  If  attention  is  directed  to  this  point  it  will  not  be  difficult  to 
separate  the  case^  of  true  chlorosis  from  those  of  retarded  development. 

If  we  admit  that  with  a  lessened  caliber  of  the  aorta  and  its  branches 
diseased  conditions  may  develop  \vhicb  resemble  those  of  true  chloroeia 
and  b)'  Inaccurate  examinations  may  be  confused  w^itb  it,  and  if  we 
further  state  that  individuals  with  vascidar  hypoplasia  are  as  particu- 
larly predispose<l  to  chlorosis  as  they  are  to  other  diseases,  and  if  we 
finally  recognize  that  congenital  deficiencies  of  the  lieraatopoietic  organs 
are  not  rarely  combined  with  congenital  deficiencies  of  the  vascular 
ap]iaratu8  in  tbe  same  individual,  it  seems  to  the  author  that  the  cliDical 
teaching  has  gone  as  far  as  it  dare  t«  approach  the  one-sided  teaching 
of  the  pathologic  anatomist* 

We  will  leave  these  pathologic-anatomic  discussions  and  turn  our 
attention  to  tbe  pathologic  changes  in  tbe  circulatory  organs  which  arc 
observed  during  life. 


I 


THE  HEART. 


Palpitation. — Almost  all  cblorotics  complain  of  palpitation,  but 
the  nature  and  the  degree  of  tlie  palpitation  are  very  variable.     Tbew 
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IS  not  always  a  perfect  parullelism  between  the  palpitation  and  the 
anemia. 

The  most  frequent  form  of  palpitation  is  that  dependent  upfm  phys- 
ical exertion.  It  is  not  present  during  re^t,  but  makes  it«elf  manifest 
as  soon  as  rapid  or  prolooged  muscular  movements  are  carried  out  (in 
going  up  stairs,  for  example).  This  is  regularly  associated  with  aeoel- 
erated  and  deefK-r  breathing.  If  the  pulse  and  heart  are  examined  at 
this  time  the  pulse-rate  is  found  to  be  incrctased  and  the  apex-beat  is 
more  powerful ;  it  is,  eonsequently,  not  a  simple  subjective  palj>itation, 
such  as  is  so  frecpiently  complained  of  by  neurasthenic  and  hypochon- 
driacal jmtients  in  whom  no  corresponding  physical  signs  am  be  elicited. 
The  excited  action  of  the  heart  does  not  disap|jear  immediately  after  the 
completion  of  the  muscular  effort,  but  usually  remains  for  several  min- 
utes or  even  for  a  quarter  of  an  hour.  During  this  time  the  size  and 
frequency  of  the  pulse  vary  l>eneath  the  palputing  finger;  true  arjthmia 
is  very  rare,  and  there  are  usually  simply  periods  of  increased  and 
decreased  frequency  of  the  pulse-rate.  During  the  palpitation  the 
pulse-wave  is  large,  irregular,  and  dicrotic ;  more  rarely  it  is  small. 
The  form  of  palpitation  just  described  is  the  only  one  which  is  to  a 
certain  extent  proportionate  to  the  degree  of  anemia,  bi>th  in  tlie  indi- 
vidual case  and  by  comparison  in  different  patients.  Although  the 
[palpitation  is  present,  it  is  not  always  ecpmlly  disagreeable  to  the  patient. 
Some  ehlorotics  pay  no  attention  to  it,  and  others  put  it  foremo!?t  among 
their  complaints  •  many  fwl  the  palpitation  only  when  they  have  time 
for  self-observation,  almost  forgetting  it  during  psychic  excitement  and 
when  the  attention  is  diverted.  It  consequently  often  happens  that  a 
chlorotic  girl  can  not  climb  a  flight  of  stairs  in  the  morning  without 
die  annoying  sensation  of  palpitatiouj  and  yet  she  can  dance  for  hours 
b  the  evening  in  spite  of  it  and  never  give  it  a  thought. 

The  acceleration  and  accentuation  of  the  hearths  action^  as  well  as 
the  increased  rate  of  respiration,  are  natural  results  of  the  anemia. 
They  are  to  be  regartled  as  ct>m{>ensatory  factors  for  the  hemoglobin 
impoverishment  of  the  blood.  Blood  which  is  poor  in  hemoglobin 
can  not  take  up  as  much  oxygen  on  its  way  through  the  lungs  nor 
carry  as  much  oxygen  to  the  cells  of  the  body.  If  the  amount  of 
oxygen  required  is  momentarily  increased  by  muscular  exertion,  acces- 
80iy  forc^  must  be  called  into  play  to  furnish  the  necessary  quantity. 
These  forces  are  found  in  the  increaseil  work  on  the  part  of  the  heart 
and  lungSj  and  they  work  together  so  that  the  blood  streams  through 
the  pulmonary  capillaries  more  rapidly  and  more  blo<xl  comes  in  con- 
tact with  more  air  in  the  same  space  of  time.     These  are  consequently 
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useful  fa(?tors  which  equalize  the  difficulties!  of  obtaining  oxygen  that 

are  due  to  the  cjuality  of  the  hlood. 

In  addition  to  this  ccunpeosatorj  palpitation,  as  it  were,  there  is 
frequently  a  second  form — nervous  palpitatitm — which  appears  with- 
out being  prciduced  by  physical  exertion.  It  is  by  no  means  always 
present,  but  is  charactoristic  of  individnal  cases,  mostly  afiecting  ner- 
vous jiersons  and  those  with  neuropathic  tendencies.  This  palpitation 
occurs  usually  in  attacks  which  last  from  several  minutes  to  a  quarter 
of  an  hour  and  which  increase  the  pulse-rate  to  dcmble  or  more.  In 
other  instances  it  is  of  shorter  duration,  only  a  fraction  of  a  minute, 
and  then  it  mjcurs  at  more  frequent  intervals,  accompanying  the  change 
of  the  thoughts  or  of  the  sensations,  A  severe  palpitation  wnll  often 
be  complainetl  of,  when  an  objective  examination  will  reveal  no  actual 
acceleration  or  accentuation  of  the  hcart\s  action.  Nervous  palpitation 
may  l>e  accompanied  by  dyspnea,  but  this  is  never  so  pronounced  as  in 
the  compensatory  form,  although  the  sensation  of  oppression  and  lack 
of  air  is  sometimes  quite  decided. 

The  third  form  is  permanent  acceleration  of  the  heart's  action.  We 
have  encountered  this  symptom  most  frequently  in  very  acute  cases 
of  chlorosis  and  in  thosi^  in  which  the  disease  was  quite  severe.  Whether 
we  examine  the  patient  erect  or  recumlient,  awake  or  asleep,  we  always 
find  a  high  pulse-nite — 100-1 10  and  oven  The  pulse-wave  is  large 
and  abrupt.  In  thase  cases  we  are  frequently  able  to  establish  the 
coexistence  of  other  symptoms,  which  indicate  a  ct>mplicating  rudimeo- 
tary  or  well-marked  Basedow's  disease— enlargement  of  the  thyroid 
gland,  inclination  to  perspiration,  tremors,  emaciation.  This  group  of 
symptoms  sometimes  accompanies  the  chlorosis  from  the  beginning  to 
the  end  or  it  becomes  tempomrily  manifest  for  several  days  or  weeks  in 
the  course  of  the  disease. 

We  will  give  a  small  table  showing  the  freqiiency  of  the  pulse  in  214 
cases  of  chlorosis.  Those  figures  are  recorded  which  were  obtained  at 
the  height  of  the  disease  and  at  a  time  when  the  patients  were  quiet. 
The  ejtaminations  were  regularly  noade  twice  daily. 


The  pulse-rate  varied  between    60  and    70  in    3  t 


70 

<i 

m  «  27 

(t 

70 

a 

90  *'  24 

H 

80 

(( 

90  ^*  49 

It 

80 

Ci 

100  »«  53 

it 

90 

ii 

100  "  14 

tt 

90 

it 

110  "  5 

a 

100 

u 

120  **  4 

it 

110 

n 

120  "  6 

U 

of  tachycardia  with  a  pulse^rate  of  130  and  160  occurred  in  20  < 
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Cardiac  Mnrmurs  and  Cardiac  Dulness. — It  is  only  in  the 
milder  cases  that  an  examination  of  the  heart  gives  normal  results.  In 
the  more  marked  d^rees  of  chlorosis  blowing  systolic  murmurs  are 
iBrely  absent ;  though  of  less  frequent  occurrence,  we  often  find  the 
area  of  cardiac  dulness  enlarged.  There  is  neither  doubt  nor  discord  in 
reference  to  these  facts.  Since  the  earliest  days  of  auscultation  and 
percossion  they  have  been  constantly  observed  and  the  observation  may 
be  easily  confirmed  at  any  time. 

Opinions  diverge,  however,  in  reference  to  the  significance  of  these 
facts. 

The  explanation  of  these  murmurs  is  more  difficult  and  has  been 
the  subject  of  the  greater  discussion.  In  many  respects  they  resemble 
the  murmurs  of  mitral  insufficiency  ;  like  these  they  have  their  greatest 
intensity  over  the  apex  and  at  the  pulmonic  cartilage ;  the  first  sounds 
may  be  either  audible  or  inaudible.  Over  the  aortic  and  tricuspid 
valves  the  murmurs  are  usually  softer  or  entirely  absent.  There  are 
<»ises,  however,  in  which  they  are  heard  best  in  these  situations.  They 
sometimes  diffisrentiate  themselves  from  the  murmurs  of  mitral  insuf- 
ficiency by  a  certain  tendency  to  variation ;  they  are  not  always  of  the 
same  strength.  All  teachers  of  physical  diagnosis  know  that  anemic 
murmurs  easily  heard  to-day  can  not  be  expected  to  occur  to-morrow. 
The  murmurs  may  disappear  with  the  chlorosis  or  they  may  remain  for 
some  after  recovery  from  the  disease.    Diastolic  anemic  murmurs  are  rare. 

The  frequency  of  the  murmurs  is  shown  by  the  following  compilation — 
Eichhorst^^  (38  cases)  and  v.  Noorden  (197  cases) : 

Eichhont.       ▼.  Noorden. 

L  Sjrstolic  munnur  only  at  the  apex 5  times.  40  times. 

pulmonic 2  "  12  " 

tricuspid 2  "  —  " 

"            "               '*          aortic —  "  1  " 

XL  SyBiolic  munnur  over  two  valves: 

Mitral  and  tricuspid 2  "  —  " 

Mitral  and  pulmonic 3  "  24  " 

Tricuspid  and  pulmonic 4  "  2  " 

Pulmonic  and  aortic 1  "  6  " 

Mitral  and  aortic        —  "  6  " 

ni.  Systolic  murmur  over  three  valves : 

Mitral,  tricuspid,  |)ulmonic 8  "  2  " 

Tricuspid,  pulmonic,  aortic 2  "  —  " 

Mitral,  pulmonic,  aortic —  "  23  " 

IV.   Systolic  murmur  over  four  valves 9  "  62  " 

V.   Clear  tones  in  all  situations ?  "  30  " 

The  murmurs  were  loudest — 

Eichhorst.  v.  Noorden. 

over  the  apex 9  times.        76  times. 

"        pulmonic      21     "  62     " 

"        tricuspid 8     "  —     " 

"       aortic —    "  7     " 

Dotstated —    «  22     " 
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Statistics  of  Barrs  :  "* 

Of  205  ca^es  of  ehtorods,  h^art  munntin  were  heard  in  115 

at  the  base  only  .,..,.*,.., 56  times, 

'*      ap&x  '*      ,    , 13    ** 

"      base  tind  apex 24     ** 

**    apex,  and  in  the  back 22    " 

Stati.^ties  of  Coley  :  **^ 

Of  4o(}  coaee  of  chlorosis,  all  had  muimiuni  at  the  palmonic  cartilage.     Munaiirs 
were  also  heard 

at  the  iipex  . -  278  liinea. 

"     angle  of  the  left  scapula 123    ** 

The  great  number  of  hypotlie*?e8  exist  in  reference  to  the  systolic 
heart  iiuirniurs  occurring  in  chlorosis.  I  will  mentiou  some  without 
considering  thera  in  detail : 

A.s  a  result  of  insufficient  contraction  of  the  papillary  mu&cles^  the 
mitnil  valves  are  not  held  tense,  so  tliat,  though  they  are  able  to  close^ 
they  are  not  able  to  vibrate  regularly.  This  gives  rise  to  a  murmur 
instead  of  a  tone. 

As  a  result  of  relaxation  and  dilatioD  of  the  left  ventricle  and  of  the 
inguflScient  coutraetion  of  the  papiilar}^  musclej=^  which  has  already  been 
mentioned  J  the  mitral  valves  are  not  completely  closed;  a  certain  por- 
tion of  the  blood  regurgitates^  and  this  gives  rise  to  a  murmur,  just  as  in 
true  mitral  insufficiency. 

As  a  result  of  poor  nutrition  and  relaxation,  the  heart  muscle  does 
not  contract  as  powerfully  and  regularly  as  under  normal  conditions  ;  a 
muscular  murmur  then  takes  the  place  of  the  muscular  tone. 

As  a  result  of  relaxation  of  the  right  ventricle,  the  tricujspid  orifice 
18  enlarged  and  a  relative  tricuspid  insufficiency  is  produced.  The  eys- 
tolic  anemic  murmurs  are  produced  in  this  manner. 

As  a  result  of  diminishetl  prt^ssure  in  the  pulmonary  arterj'  and 
of  relaxation  of  its  wall,  there  is  no  marked  systolic  tension.  The 
insufficient  tension  of  the  arterial  wall  causes  it  to  vibrate,  giving  rise 
to  a  murmur  instead  of  a  tone. 

The  pressure  in  the  pulmonary  artery  is  so  low  that  the  semilunar 
valves  open  at  the  very  l>eginning  of  the  ventricular  systole — t*  <?.,  at  a 
time  when  they  should  remain  closed.  The  opening,  however,  is  but  a 
slit,  and  a  stenotic  murmur  is  consequently  pr«Klueed. 

I  could  gi%'e  a  still  larger  number  of  attemptcil  explanations.  If 
we  look  over  the  text-books  of  physical  diagnosis  we  find  that  scarcely 
two  authors  agree  in  their  explanations  of  anemic  eartliric  murmurs. 
The  special  works  ^^  by  Sehrwuld,  Bihler,  Neukirch^  Landerer,  F*  Rei- 
mers,  GeigeU  and  v,  Leulx?  may  also  l>e  consulted*  Complete  bibli<.>g- 
raphies  of  the  literature  are  found  in  the  monographs  of  Sehrwald  and 
Bihler. 
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Although  the  individual  explanatiooi*  may  be  ever  so  interestiog, 
ingTenious,  and  necessary  t4i  the  ditiactlc  lecturer,  the  only  question  of 
actual  im[X)rtance  i.s  whether  the  murmurs  are  indie^itive  of  a  mitral 
insiufficiency — t,  <\,  a  regurgitation  of  blcxxl  from  the  left  ventricle  into 
the  let^  auricle.  With  rare  exceptions,  all  the  standard  aotliors  answer 
this  question  in  the  negative.  From  the  origin  of  auscultation  to  the 
present  day,  it  has  repeatedly  been  noted  that  the  sequehe  which  regu- 
larly follow  a  mitral  insufficiency  do  not  make  their  ap|)earance  in  the 
overwhehning  majority  of  cafies  of  chlorosis  in  which  t^ystolic  murnuirs 
have  been  heiird  over  the  heart.  In  a  diseasi*  lasting  for  many  weeks 
or  months  the  sequelae  would  certainly  make  their  appearance  if  there 
listed  a  regurgitation  of  blowi  with  its  damaging  effects  upon  the 
circulation. 

In  the  author's  opinion,  the  condition  r>f  nflairs  is  as  follows :  sys- 
tolic murmurs  in  a  chlorotic  individual  never  justify  the  diagnosis  of  a 
valvular  lesion,  whether  the  murmurs  are  loud  or  soft,  short  or  long, 
smooth  or  rough  ;  whether  they  are  heard  over  one,  two,  or  three  valves  ; 
whether  they  are  more  pronounced  at  the  aj^ex  or  at  the  base ;  whether 
they  replace  or  accompany  tlie  first  tone;  or  whether  they  are  eliange- 
able  or  unchangealde.  If  we  diugnosticate  a  valvular  lesion  (particu- 
larly a  mitnd  insufficiency)  in  a  ehlorotic,  we  must  do  this  not  upon  tlie 
basis  of  the  murmur,  but — ^the  author  would  almost  say — in  spite  of  it, 
In  the  diagnosis  of  heart  disease  in  a  chlorotio  it  is  best  to  leave  the 
systolic  murmurs  completely  out  of  consideration. 

Mitral  insufficiency  surely  occurs  in  ehlorotic  individuals,  but 
this  is  nevertheless  rare.  It  may  be  due  to  an  endocarditis ;  then 
we  have  to  do  with  a  complication  w^hieh  is  entirely  inde]>eudont 
of  the  chlorosis,  the  two  affections  having  t^oly  accidentally  attacked 
the  same  individual.  Chlorosis  itself  never  causes  endocarditis.  The 
only  form  of  mitml  insufficiency  that  may  be  tlc|K'ndent  njK>n  chlorosis 
is  the  socalled  relative  inc*)m|>etency  of  the  valves,  which  arises  when 
there  is  marked  relaxation  and  dilation  of  the  left  ventricle.  It  is  eiisy 
to  diagnose,  for  the  heart  is  markedly  enlarged,  the  apex-beat  is  dis- 
placed downward  and  to  the  left,  and  the  pulmonic  second  sound  is 
very  loud.  We  must  avoid  diagnosing  a  cardiac  dilation,  however, 
when  cardiac  displacement  is  all  that  is  manifest  (see  p.  394). 

The  signs  of  a  mitral  insufficiency  are  frefjuently  present  for  but  a 
short  time.     The  following  is  a  brief  descriptii>n  of  such  a  case : 

The  patient  was  a  well-lmilt  girl,  eighteen  years  of  age,  with  well-de- 
veloped breasts  and  normal  sexual  organs.  For  the  past  three  months  she 
had  suffered  from  chlorosis,  although  she  had  previously  enjoyed  peHect 
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heallL  During  the  first  week  of  olnrtervation  loud  anemic  murmurs  were 
heard  over  the  heart,  the  area  of  cardiac  d illness  was  enlarged  ufiward  and 
to  tbe  right*  the  a|Mix-ljeat  wa*s  in  the  fourth  interspace  m  the  mammary 
line,  and  lx>tli  pulniouic  eoundft  were  louder  than  the  corresponding  aortic 
ones.  During  the  second  week  of  ohservation  the  cardiac  duloess  increased 
somewhat  toward  the  right  and  considerably  toward  the  left ;  the  apex-l>eat 
advanced  IJ  cm,  (8  io.)  outside  of  the  mammary  line  and  tiecame  palpable 
in  the  Mh  intercostal  space.  The  mil  long-draw  no  ut  murmurs,  which  had 
previously  heeu  heard  at  the  afiex  and  over  the  third  rili.  were  replaced  by 
a  shorter  an<l  shar|.)er  blowing ;  the  second  pulmonic  sound  hecanie  louder 
at  the  expense  of  the  first.  The  pulse- rate  increased  a!>i>ut  10-15  l)eat8  a 
minute  (from  80-85  to  5)0-100).  After  about  ten  days  more  thet*e  phe- 
nomena had  disappeared  and  the  old  state  of  affairs  bad  returned.  Fre- 
quent examination  of  the  patient  after  she  bad  recovered  froai  the  chlorosis 
failed  to  reveal  the  slightest  abnormality  by  either  percussion  or  ausculta- 
tion. In  this  case  it  is  positive  that  a  temporary  or  so-called  functional 
mitral  insufficiency  bad  occurred,  probably  as  a  result  of  diklion  of  the 
left  ventricle. 

Fronj  these  and  other  observationB  and  in  accord  with  Gerhardt, 
Leube,  Jurgeusenj  Eiebborst^  and  others,  the  fact  that  an  incomi>etencjr 
of  the  mitral  vaJves  may  develop  in  chlorosis  must  he  emphasized »  but 
this  is  neverthele,s.s  very  exceptional.  The  usual  changes  in  the  heart 
of  a  chlomtic  by  do  means  justify  the  diagnosis  of  a  mitrul  insufliciency. 
Particular  caution  must  be  observed  if  the  diagnosis  is  basetl  upon  tlie 
extent  of  the  cartliac  dulness.  In  numerous  cases  of  chlorosis,  particu- 
larly when  the  [Kitients  have  been  confined  to  beil  for  a  long  time,  the 
area  of  cardiac  dulness  is  eidarged  to  the  right,  to  the  middle  of  the 
sternum,  to  its  right  border,  or  even  beyond  it.  It  is,  however,  not 
correct  to  wmsider  this  extension  of  the  cardiac  dulness  as  a  sign  of 
cardiac  dilation,  because  an  exact  examination  sbow^s  that  the  lower 
border  of  the  right  lung  is  higher  than  normal  and  that  the  cardiac 
dulness  begins  at  the  third  rib  or  in  the  third  int-ercostal  space.  In 
other  w^ords,  the  heart  is  not  as  well  covered  by  the  lungs  as  is  normally 
the  case.  This  is  not  due  to  the  heart  pushing  the  lungs  to  one  side, 
but  to  the  fact  that  the  lungs  have  drawn  themselves  away  from  the 
heart^ — they  have  l>ecome  smaller*  The  retraction  of  the  borders  of  the 
lungs  is  doubtless  due  to  the  superficial  breathing  of  the  chlorotics, 
Thifl  is  shown  by  the  fact  that  breathing  exercises  cause  a  descent  of 
the  lower  borders  of  the  lungH  and  a  diminution  tif  the  area  of  cardiac 
dulness  within  a  few^  days.  A  frequent  phenomenon  of  auscultutiou  is 
also  rendered  intelligible  by  this  marked  retraction  of  the  lungs.  Not 
rarely  in  chlorosis  the  first  and  second  pulmonic  sounds  are  louder  than 
normal,  in  contradistinction  to  mitral  lesions  in  which  the  second  tooe 
is  alone  accentuated.     This  phenomenon  in  chlorosis  is  ejcplained  by 
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the  fact  that  tbe  n?tractioii  of  the  air-c*ontaiiiiiig  tissue  of  the  lungs  ex- 
poses the  pulmonary  artery  to  a  more  markerJ  degree  than  the  aorta, 
the  sounds  of  wliich  ser%'e  a.s  a  comparison.  The  exposure  of  the  [pul- 
monary conns  arteriosus  may  be  so  considerable  that  an  active  pulsation 
is  seen  and  felt  in  the  third,  and  even  in  the  second,  intercostal  space. 
This  retraction  of  the  pulmonary  lx»rdei's  not  only  stimulates  a  dila- 
tion and  hypertrophy  of  the  right  ventricle,  but  also  an  enlargement  of 
the  left.  The  apex-beat  is  displaced  to  the  left  and — to  be  well  noted — 
not  downward,  but  upward.  In  cases  of  retraction  of  the  lungs,  the 
apex-beat  Ls  ielt  in  the  fourth  instead  of  the  fifth  intercostal  sjKice 
(v.  Noorden,"*'  Fr.  Miiller  ""*)•  The  topographic  relations  between  tlie 
heart,  lungs»  and  chest- wall  are  cu>nsecpiently  the  same  as  those  which 
have  long  l>oen  recognized  as  the  cooseipiencf?  of  a  high  position  of  the 
diaphragm*  We  should  liear  in  mind  the  discussions  ujkju  culargcment 
of  the  heart  during  pregnancy.  It  la  not  unlikely  that  a  neglect  of 
these  topographic  relations  has  given  rise  to  the  teaching  that  chlorosis 
is  frequently  associate<l  with  a  dilation  of  the  left  ventricle.  Strange 
to  say,  most  of  the  earlier  authors  who  considered  the  variations  in  the 
area  of  cardiac  dulness  in  chlorosis  (Th.  Stark  ^'^  in  j)articnlar)  paid  no 
atteutinn  to  the  retraction  of  the  lungs,  Th,  Jrirgcnscn,  alone,  long 
since  recognized  the  importance  of  this  pulmonary  retraction  for  the 
critical  examination  of  the  chlorotic  heart,  and  caused  his  views  to  be 
publishe*:!  in  the  noteworthy  discussion  of  Th.  Louck.^^^  The  sulycet 
has  been  takeu  up  again  recently  and  worked  out  by  a  number  of 
authors  ( Wallers tein,"^  Th.  Kethers,"*  Stintziug,"*  v.  Noordcn,'''*  Fr. 
Muller^^"). 

As  the  authors  were  about  to  send  this  maDoscript  to  the  printer,  the 
work  by  E.  Grunmach,  in  reference  to  the  impiirtancc  of  the  Rontgen  rays 
in  internal  medicine  was  received.'  By  means  of  the  ar-rays,  Grunmach 
established  the  fact  that  in  4  chlorotics  the  heart  lay  with  its  entire 
transveree  diameter  upon  the  tliuphragm,  which  was  unusually  higlu 
The  heart  was  not  eulargctl,  but  simply  displaced.  After  the  disapfwar- 
ance  of  the  chlorosis  the  heart  resumed  its  normal  position.  The 
observations  of  Grunmach  furnish  the  most  l>rilliant  coufirmatoiy  evi- 
dence that  in  chlomsis  the  heart  is  only  apparently  eulargetl. 

Finally,  mention  must  be  made  of  the  rare  occurrence  of  diastolic 
cardiac  murmurs.  Id  contrast  with  the  systolic  murmurs,  they  have 
their  seat  of  greatest  intensity  to  the  right  of  the  sternum,  over  the 
aorta.  They  consequently  simulate  an  aortic  insufficiency.  It  is,  how- 
ever, very  easy  to  exclude  these  murmurs  (Litten,*^*  Dehio,^**  Dnroziez,*" 
'  TherapeuL  M&mUshe/k^  1897,  Na  1. 


CHLOROSIS. 

Sehrwald,'*  Sahli "'),  Eichhorst  **^  alone  considers  the  possibility  of 
a  relative  funetional  insiifficiency  of  tlie  semilunar  valves.  Othen*, 
Sahli  in  particular,  say  that  the  murmur  is  transmitted  from  the  great 
yeiDs  of  the  neck. 

Opinions  vary  greatly  in  reference  to  the  frequency  of  accidental 
diastolic  cardiac  murmurs.  Many  regard  them  as  extremely  rare; 
V.  Leube/*  for  example^  recently  stated  that  he  had  never  heard  such 
a  diastolic  anemic  murmur  over  the  heart.  In  180  clinical  histories  of 
the  Second  Medical  Clinic  in  Berlin,  the  accidental  dia^^tolic  canJiac  mur- 
mur is  mentioned  7  times;  3  of  these  cases  the  author  oliserved 
and  repeatedly  demonstrated  to  colleagues  and  students.  During  the 
last  three  years  he  has  heanl  accidental  diastolic  murmurs  in  4  other 
chlorotics.  The  murmurs  were  always  loud  and  distinct,  and  their 
perception  required  no  great  amount  of  skill*  They  were  undoubtedly 
accidental  anemic  murmurs,  since  they  always  disappeared  when  the 
chlorosis  improved  and  because  m*  other  signs  of  aortic  insufficiency 
could  be  discovered,  in  spite  of  careful  investigation.  The  most  forcible 
procjfj  however,  was  furnished  by  a  small  experiment  that  has  been  suc- 
cessful in  the  last  6  cases  coming  nuder  the  author's  observation.  If 
pressure  is  noade  upon  the  lower  portion  of  the  internal  jugular  vein, 
the  diastolic  cardiac  murmur  immediately  disapjMiars.  This,  eonse* 
quently,  shows  the  correctness  of  Sahli's  explanation. 

According  to  the  author's  clinical  records,  diastolic  anemic  murmurs 
occur  only  in  severe  cases  of  anemia ;  the  murmur  disappears  as  soon 
as  tlic  anemia  improv'es.  The  murmur  is  heard  loudest  just  below  the 
sternoclavicular  articidatiou  ;  further  downward  it  becomes  softer,  and 
then  attains  a  second  maximum  at  the  aortic  cartilage  ;  from  this  point 
the  murmur  may  be  follow^ed  to  the  middle  of  the  sternum  or  even  to 
its  lower  third.  To  the  left  of  the  sternum  the  murmur  is  audible  only 
at  tlie  third  costal  cartilage ;  it  is  rarely  heard  at  the  apex,  and  in  this 
situation  is  always  very  soft.  Tlic  murmur  is  much  louder  w^hen  the 
patient  sits  or  stands  than  when  she  is  rL»cunibent. 


ARTERma  VEINSr  AND  CAPILLARIES. 
Angiospasm  and  Angioparesis. — In  the  section  upon  General 
Bympt4Kuatology  it  was  poiuttnl  (mt  that  changes  in  the  vascular  tone 
are  extremely  common  in  chlorosis.  The  majority  of  the  consefjuent 
disturbances  are  trivial  and  unimportant.  They  consist  of  abnipt 
changes  in  tlic  .'sensations  of  hetit  and  cold,  and  are  dependent  ujK»n  the 
great  irrittibility  of  the  smaller  arteries  and  capillaries.  More  marked 
degrees  of  angiospasm  and  angioparesis  are  productive  of  much  dificom* 
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furt  and  even  paio.  As  usual,  the  phenoiueua  are  more  marked  in  the 
fieri pheiul  |K)rtiona  of  the  body.  Among  these  symptoms  are  the  rapid 
chilling  of  the  feet,  of  the  fingers,  of  the  hand.s,  and  of  the  tip  of  the 
nose.  The  sensation  is  not  always  simply  one  of  cohl,  but  may  be 
combined  with  considerable  pain.  The  angiospasm  lasts  from  a  few 
minutes  to  a  Imlf-hour.  Sometimes  they  appear  whenevex  the  a>ld  air 
strikes  the  bare  skin  ;  in  other  instances  they  show  a  certain  capricious*- 
ness*  This  is  particularly  true  of  the  so-called  dying  finger  (digitus 
semimortuus,  local  asphyxia),  which  repeats  itself  in  many  chlorotics 
for  weeks  and  months  at  a  time — often  at  the  same  hour  of  the  day — 
although  every  exposure  to  cold  b  carefully  avoidetl.  The  opposite 
condition,  temporary*  congestion  of  the  terminal  phalanges,  combined 
with  moderate  pain,  decreased  tiictile  sensation,  and  paresthesias  in  the 
fingers,  is  rarer ;  these  conditions  are  to  be  attributed  to  the  so-called 
erythroraelalgias  and  to  the  acroparesthesias  described  by  Fr.  Schulze. 
Of  230  chlorotics, 

71  complaineil  of  chilliness  of  the  hands  or  feet, 
•  10  suffered  with  the  so-called  digitus  semimortuas, 
6  "  "    erythromelalgia,  and 

18  **         "    chilblains  of  the  feet  during  the  winter. 

The  False. — There  is  nothing  typical  about  the  pulse  in^chlorosia, 
either  when  cxamineil  with  the  palpating  finger  or  with  the  sphygmo- 
graph.  In  tliis  respect  we  agree  with  Hayem  ^^  and  others.  We  find 
ehlorotic  individuals  with  small,  with  normal,  and  with  large  pulse- 
waves.  In  the  great  majority  of  cases  of  pur^  chlorosis,  particularly 
in  the  severe  forms,  we  have  encountered  a  large  soft  pulse  with  a  sug- 
gested or  well-marked  dicrotism.  Numerous  .^phygmographic  examina- 
tioos  gave  the  same  result.  Many  of  the  sphygmograms  showed  the 
same  characteristics  as  the  pronounced  dicrotic  fever-pulse  :  considerable 
height,  steep  ascent,  acute  apex,  a  large  delayed  p^econd  (so-called 
reflected)  wave,  and  absence  or  tiattening  of  the  so-called  elastic  vibra- 
tions. Similar  sphygmograms  have  been  described  by  Lorain^^  Fr, 
Midler  (Jacoby's  dissertation  ^\  Eichhorst,^'' and  others.  As  previously 
stated,  the  large  soft  pulse  with  a  tendency  to  dicrotism  is  not  present 
m  every  case ;  according  to  the  author's  observ^ations,  extending  over 
many  years,  it  is  most  frequently  found  in  the  early  stages  of  severe 
chlorosis,  particularly  in  girls  who  are  strong,  well  nourished,  and  fully 
developed. 

The  quality  of  the  pidse  just  described  indicates  that  the  r^istanoe 
offered  to  the  bloixl  by  the  arterial  wall  is  abnormally  diminished,  or, 
in  other  words,  the  tension  of  tlie  arterial  wall  is  decreased.     It  eon- 
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sequently  follows  that  other  plieoomena  are  occasionally  observed  which 
retsult  from  diojinishwl  arterud  tycnsion  and  less^ened  remstance. 

In  the  first  place,  the  occurrence  of  a  capillary  pube  in  the  hyperemie 
s^kin  oi'the  fore  head  is  worthy  of  note  ;  the  author  could  re|>eatedly  denion- 
t^trate  this  in  every  teaching  term,  in  the  courses  upcni  physical  diagnosis 
(Eethers  *'*).  More  rarely  the  ptdsating  movements  pass  tlirougli  the 
capillaries  and  reach  the  veins.  This  was  first  observed  by  Quincke.^'* 
Venous  pulsation,  when  present  at  all,  is  most  easily  ree<>gnized  in  the 
background  of  the  eye.  In  40  of  my  clinical  hi-stories  there  are  accu- 
rate reconls  of  ophthalmoscopic  examinations;  venous  pulsation  is 
mentioned  in  3  instances. 

A  double  s<juud  in  the  femoral  artery^  als<:>  owes  its  origin  to  the 
arterial  relaxation.  This  is  first  mentioned  in  Jacoby's  *  dissertation  j 
the  text-books  on  physical  diagnosi.s  have  since  recognized  this  phenom- 
enon. From  personal  investigations,  the  double  sound  is  quite  common 
ID  severe  cases ;  when  present  it  is  easily  [>er€eived,  being  even  more 
readily  heard  by  beginners  than  the  double  sound  of  aortic  insufficiency. 
The  second  sound  is  separated  from  the  first  by  a  considenible  interval 
of  time,  which  is  longtT  than  in  other  instances  of  double  sounds  in  the 
femoral  artery  (aortic  insufficiency,  lead  colic^  mitral  stenosis).  With 
the  aid  of  the  *'  marking  methtxl  **  of  Marti  us,  the  author  was  success- 
ful in  1  case  in  proving  that  the  first  sound  was  produced  by  the  primar}' 
wave,  and  that  the  second  sound  was  due  to  the  reflected  wave.  This 
is  not  the  case  in  aortic  insufficiency,  the  second  sound  in  this  instance 
being  dci>cndent  ujM>n  a  secondary  elevation  which  is  much  ne^irer  to 
the  primarj*  apex  of  the  curv^e  (Pribram  *'^*).  The  double  scjund  in 
the  femoral  artery  in  chlorosis  has  the  same  significance  as  the  dicrotic 
pulse ;  they  both  show  that  the  arterial  tension  is  abnormally  decreased, 
and  that  the  reflecteil  wave  is  able  to  produce  a  marked  and  abnipt 
dilatitm  of  the  arterial  tube. 

Reference  has  been  made  to  vascular  sounds  and  murmurs  in  130  of 
our  clinical  histories.  The  double  sound  in  the  femoral  artery  is  men- 
tioned 21  times.  ThcwSe  cases  were,  almost  without  exception,  severe, 
and  tlie  radial  pulse  was  usually  descrilxKi  as  quick  and  dicrotic. 

Although  the  author  is  by  no  means  inclined  to  consider  so-called 
sphygmomanonietry  as  anything  more  than  a  clinical  amusement,  it 
might  also  be  stated  that  measurements  of  the  blo«xl-pressure  have 
fiirnished  results  which  completely  agree  w*ith  the  above  facts.  Bihler  ** 
found,  by  means  of  v.  Basch's  apparatus,  an  average  blood-pressure 
efjual  to  77  nmi.  of  mercury,  in  chlorotie  imtients  ufion  admission  to  the 
hospital  *  at  the  conclusion  of  the  treatment  the  average  pressure  was 
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86  mm.  His  apparatus  reconlc^  90—1*20  rara,  of  mercury  as  the  oortiml 
pressure  in  girls  of  the  .same  age.  Euren  ^^  seemB  Ui  have  arri%eil  at 
similar  results. 

The  Veins. — Venous  Murmurs. — Of  the  pathologic  phenomena 
in  the  venous  .s>%stemj  tlie  uuirmiirs  have  ehiimed  the  greats t  amount 
of  coDsideration  (venous  hum,  bruit  tlu  diable).  The  venous  hum  is 
most  freqnently  heanl  over  the  inteniat  jugular  vein  at  the  root  of  the 
ueck,  either  on  both  sides  or  only  on  the  right.  The  murmur  is  favored 
by  the  erect  position  ;  the  intensity  of  the  murmur  is  either  always  the 
same  or  it  increases  during  inspiration,  or  more  rarely  duriug  the  dias- 
tole of  the  heart.  Sometimes  a  similar  murmur  is  heard  over  the  fem- 
oral veins  also  ;  in  all  the  eases  persvuially  examined  in  reference  to 
this  point  the  venous  hum  in  the  femoral  vein  disappeared  during 
standing. 

Venous  murmurs  were  first  enconntered  in  anemic  individuals,  and 
formerly  we  simply  spoke  r»f  anemic  venous  murnuirs.  The  expres- 
sion is  not  correct,  because  a  venous  hum  may  bi*  heard  iu  the  jugular 
vein  in  many  other  patients  and  even  in  hejilthy  individuals.  In  these 
latter  instances,  hmvever,  the  head  must  usually  be  turned  or  tilted  in 
order  to  make  the  nmrmur  perceptible.  In  anemic  individuals  and 
particularly  in  chlorotics  the  murmur  is  also  heaiil  when  the  head  is 
held  erect  and  when  a  pressure  which  could  cause  a  constriction  of  the 
jugular  vein  is  avoided*  When  this  acoustic  phenomenon  is  well  devel- 
ope<l  there  is  a  corresjKinding  thrill  which  is  distinctly  |>erceptible  to 
palpation,  and  which  has  been  compared  to  a  stream  of  sand  flowing 
rapidly  beneath  the  finger 

The  venous  hum  certainly  has  some  connection  with  the  fact  that 
at  the  lower  portion  of  the  interna!  jugular  vein  the  blood  streams  out 
of  a  smaller  into  a  larger  vessel.  Similar  conditions  exist  in  the  femoral 
vein  just  below  Poupart's  ligament.  According  to  the  laws  gi^verning 
the  movements  of  fluids,  the  murmur  must  arise  more  easily  when  the 
vein  containa  a  lessened  amoimt  of  blood,  since  the  ditference  between 
the  transverse  diameters  of  the  vein  and  of  its  inferior  portion  is  then 
more  marked.  It  is  very  doubtful  if  this  condition  will  suffice  for  the 
explanation  of  the  particular  intensify  and  frequency  of  the  venous 
hum  in  cblorotic  individuals,  since,  so  far  as  we  are  able  to  determine 
by  sight  and  touch,  the  veins  of  chlorotics  are  completely  filled  with 
fluid.  In  chlorosis  the  condition  is  one  of  oligochromemia  and  not  one 
of  oligemia.  Since  venous  murmurs  are  neither  so  loud  nor  so  frequent 
in  any  other  disciise,  there  must  be  some  other  cooi>erative  cause  in 
chlorosis.     The  quality  of  the  blood   is  pri>bably  a  favoring  factor, 
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since  thinnor  and  lighter  blo<Kl  is  better  adapted  to  the  formation  of 
whirl.s. 

There  are  many  statistics  in  reference  to  the  frequency  of  the  venous 
hum  in  chlorosii)^,  hut  all  are  not  ecj[ually  valuable,  sine^^  the  severity  of 
the  disease  and  the  position  of  the  head  during  au.seultation  had  not 
always  been  considered.  The  autljor  has  made  brief  notes  upon  62 
cases,  which  he  has  demonstrated  in  courses  u[)on  physical  diagnoets 
during  the  last  five  years.  Of  these.  49  are  desiguateti  as  **  severe  <\i^e« 
(»f  pure  chlorosis  '*  j  with  the  head  erect  and  the  |tatieiit  in  a  fitting 
posture  the  jugular  murmur  was  bilateral  26  times,  right-si*led  alone 
li>  times,  left-sided  alone  in  1  ease,  in  3  instances  no  murmur  cotdd  be 
heanl,  and  in  4  a  venous  hum  was  present  over  the  femoral  veins. 
There  are  also  recorded  13  cases  as  **  milder  cases  of  pure  chlorosis^'  ; 
among  these  there  was  1  with  a  bilateral  jugular  murmuTp  5  with  a 
right-sided  murnmrj  but  none  ^vith  a  venous  hum  In  the  femoral  vessels. 

In  130  out  o(  250  clinical  records,  statements  in  reference  to  auscul- 
tation of  the  vessels  are  found.  The  venous  hum  in  the  neck  is  men- 
tioned 95  times,  and  in  12  instances  its  absence  is  expressly  emphasized. 
The  murmur  in  the  fetaoml  veins  was  present  14  times. 

The  following  stjitistics  may  also  be  quoted  : 

Eichhorst  '* :  Bilateral  venous  murmurs  in  the  neck  in  50  per  oent^ 
unilateral  murmurs  in  25  per  cent,  of  all  cases  of  chlorosis. 

Richiirdson  ^^  :  Kight-sided  jugular  murmur  in  33  per  cent.,  left* 
gidetl  in  6  percent,  and  bilateral  in  11  per  cent,  of  all  cases  of  chlorosis. 

Crook  *** :  Jugular  venous  murmurs  in  more  than  90  per  cent,  of 
all  cases  of  chlorosis  ;  present  in  fi.95  per  cent,  of  healthy  women* 

[The  position  of  the  patient  is  of  some  importance.  Venous  mur- 
murs are  more  frequently  present  when  the  patient  is  in  an  upright 
position.— Ed.] 

Thromboses.^ — Far  more  important  than  the  venous  murmurs,  w*hich 
have  scarcely  any  diagnostic  significance,  is  the  tendency  to  the  forma- 
tion of  thrombi  in  the  veins.  If  we  consider  the  unusual  frequency  of 
chlorosb  in  comparison  with  the  occurrence  of  thrombosis,  this  com- 
plication must  be  regarded  as  unusual.  But  when  we  rememVjer  how 
rare  thrombosis  is  at  the  age  of  the  majority  of  ehlorotic  patients — 
excluding  severe  cardiac  and  acute  infectious  diseases — it  becomes 
apparent  that  the  tendency  t^T  thrombosis  is  far  more  marked  in 
chloroties  tlian  in  other  girls  of  the  same  age,  whether  they  are  healthy 
or  affected  with  some  other  disease.  Trousseau  seems  to  have  been  the 
first  to  point  out  the  t>ccurrence  of  this  coni plication  (AVerner  ^**),  About 
20  cases  published  sefmrately  were  collected  by  Proby,^*'  aud  later  cam- 
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bined  with  the  newer  statistics  of  KockelJ'"  Tliere  are  also  a  oiimber 
of  coijed  which  either  escsaped  these  authors  or  appeared  afUT  their  pub- 
h'cations.  Sueh  are  the  cases  of  Limeho/*^  Tuck  well,  liuls,  Eichhorst, 
V.  No4)rtlen-RetherSj  B.  Kroiiig,  H.  Berg€*at,  Villanl,  LeSage,  H. 
Mildner,  Osswald,  J,  Loewenberg,  Hayetn,  and  Giiinot.  The  author 
does  not  elaim  to  have  completely  f|yote<J  the  literature,  but  the  number 
of  publications  bears  witness  iw  tlie  fact  that  thronibosis  is  Dot  rare  in 
chloroisb.  The  number  still  remains  proportionately  large  tf  we  regard 
aome  cases  of  thrombosis  as  due  to  the  concomitant  complic^itions  instead 
of  coimting  them  as  true  chlorotic  thromboses — for  example,  Villard's 
oise  compIicate<l  with  influenza,  Mildner^s  case  complie^ited  with  sup- 
purative pyelonephritis,  and  LeSage^scaise  com  plicated  with  suppurative 
peri -oophoritis. 

In  230  of  the  authors'  clinical  histories  thrombosis  of  tlie  veins  is 
recorded  5  times.  In  every  instance  the  thn»mhosis  was  located  in 
the  veins  of  the  lower  extremities.  These  veins  were  likewise  most 
frequently  affe*:!ted  in  the  cases  previously  published ;  the  veins  of 
the  arm  were  not  involved  as  often  :is  the  brain  sinuses*  This  is 
always  a  grave  eomplieation  and  is  followed  by  inealenlable  danger. 
Gangrene  ipf  tlie  hand,  with  the  loss  of  several  fingers,  has  been  de- 
«cribed  by  Tuck  well,  and  Laurencin  *^  reportetl  a  fatal  ease  from  emlwj- 
lism  of  the  pulmonary  artery.  The  fatal  teases  are  much  more  fre- 
quently due  to  thromlxMsis  of  the  cerebral  sinuses.  The  great  danger 
of  thrombosis  is  shown  by  the  fact  that  tlie  majority  of  pist-mortem 
records  of  cases  of  chlorosis  give  thrombosis  of  the  veins  or  its  soquelse 
as  the  cause  of  death  {BoUinger,  Kookel,  Proby,  LeSage,  Loewenberg), 

A  description  of  the  detiiils  is  unnecessary,  since  the  thrombosis 
presents  no  variations  fnjm  the  process  in  other  ronditions.  The  Ci^iirse 
and  termination  will  depend  ujRm  tlie  lfmLliy.ation  4if  tlie  thnmibus 
(contrast  the  femoral  veins  with  the  brain  sinuses !),  upon  the  nature  of 
t)ie  thrombus,  and  ujj^^n  the  presence  or  absenei^  of  embolic  processes. 

In  some  instances  the  thrombus  has  undoubtedly  been  of  an  infectious 
nature  (Yillard,  Mildner),  but  these  eases  were  complic-ated  by  infec- 
tious diseases  which  themselves  favored  the  development  of  infectious 
thrombi.  In  most  of  the  other  ciises  it  is  expressly  emphasizc»<l  that 
the  thromboses  were  not  infectious,  the  proof  offered  being  fwirtly  clini- 
cal and  jmrtly  bacteriologic,  Proby  was  unable  to  demonstrate  bacteria 
in  4  of  his  cases,  and  J.  Loewenberg  hail  a  similar  experience.  The 
author  once  puncture+J  a  thrombosed  saphenoits  vein,  w^ith  a  negative 
result  (microscopic  prefiaration  and  agar  plate).  In  spite  of  this,  he 
thinks  it  probable  that  micro-organisms  have  something  to  do  with 
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chlorotic  thrombi.  This  is  particularly  evidenced  by  the  fever,  which 
was  not  aKsent  in  any  t»f  the  3  case.^.  Two  of  the  patients  had  tempi- 
rary  elevations  of  tempemture  during  the  first  few  days  of  the  throm- 
bosis ;  the  thinly  in  whom  the  vein  was  punctured  upon  the  six 
febrile  (hiy,  had  fever  of  a  remittent  type  for  tai  days,  which  eevei 
times  reached  40°  C  {104^  F.).  Fever  is  also  recorded  in  uumerouS? 
casci?  by  other  authors. 

In  addition  to  the  supposition  of  a  bacterial  origiui  there  are  still 
other  hypotheses  in  reference  to  the  peneses  of  the?ie  eoagula,  Eich- 
horst  '^  seeks  tlie  cause  in  changes  in  the  intima  ;  Birch-Hirsehfeld  *^ 
and  Kockel  '•'*'  believe  that  ehlorotic  blcKxl  has  a  greater  tendency  to 
fxmgulate,  and  they  associate  this  with  the  increased  number  of  blood- 
platelets  (see  p.  378).  Against  this  view  we  would  ctill  attention  to 
the  fact  tluit  chlorotic  bloixl  ordinarily  does  uot  coagulate  rapidly  ;  on 
the  contrary,  we  have  licen  surprised  at  the  slow  formation  of  the  ooag- 
uhim  in  chlorotic  blood  witlidrawn  from  a  vein.  It  is  true  we  did  uot 
make  this  examination  in  cases  alfeeted  with  thnmibosis. 

There  is  much  that  is  not  cle^r  and  the  subject  requires  further 
investigation.  If  the  literature  of  the  subject  is  desired,  it  msiy  be 
found  in  the  works  of  Prohy  and  of  J.  Ix>ewenl>crg. 

[Leich  ten  stem  ^  has  studit^  the  incurrence  of  venous  thrombosLs  in 
1658  cases  of  chlorosis.  Thrombosis  positively  occurred  11  times, 
and  probably  in  mild  fc^rm  in  a  few  other  instances.  He  finds  86  cases 
referred  to  in  the  literature,  of  which  48  alfeeted  the  lower  extremities 
and  2U  the  cerebral  sinuses*  Among  52  aft ec ting  the  lower  extremi- 
ties, pulmonar}''  embolLsm  occurred  in  10, — Ed,] 

Mdetna. — If  we  compare  chlorosis  with  cither  diseases  of  the  bl 
the  oeeurrence  of  edema  in  chlorotic  individuals  seems  to  be  ratb 
infrequent.  Markn!  edemas  with  involvement  of  the  lai^*  serous 
cavities  are  never  observed.  Fleeting  edemas,  on  the  contrarj',  are  not 
grj  uncommon.  The  most  frequent  form  is  the  edema  of  the  feet,  which 
occurs  in  chlorotics  who  must  stand  a  great  deal,  such  as  ser\'ant  girls, 
cooks^  and  factory  hands.  The  swelling  comes  on  in  the  daytime,  ta 
disappear  again  during  the  night.  It  is  only  in  exceptional  case^  that 
the  feet  are  still  swollen  in  the  morning.  Of  218  chlorotics  treated  iD 
the  hospital,  24  (12  per  cent.)  had  edema  of  the  feet  upm  admission 
and  for  several  days  subsequently  j  20  of  these  lost  their  edema  after  a 
few  days*  rest  in  bed,  and  remained  free  from  it  when  they  walked  alx)ai 
the  ward.  The  swelling  of  the  feet  lastcfl  a  long  time  in  but  4  [latientAi' 
Edema  of  the  feet  is  much  rarer  among  private  patients  than  among 
'  Munek.  Mtd.  IFodL,  Nov.  28, 1899. 
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the  girls  and  women  who  are  treated  in  the  public  hospitals.  My  notes 
of  private  cases  show  that  about  6  i>er  cent  are  affected  in  this  manner. 
In  addition  to  edema  of  the  feet,  patients  with  pure  chlorosis  may 
rarely  present  a  slight  swelling  of  the  eyelids,  which  tends  tu  be  more 
pronounced  in  the  morning  hours.  When  a  chlorotic  is  seen  with  such 
an  edema  of  the  eyelids,  a  suspicion  of  nephritis  is  at  once  awakene*L 
Tliis  suspicion  is  not  always  justified,  since  I  can  recall  several  vases  in 
which  the  ref)eated  daily  examination  never  resultetl  in  the  discovery 
of  albuniiti. 

Less  known  and  less  c-onsidered  than  the  occasional  appc^arance  of 
fleeting  edemas  is  the  fact  that  many  chlor^^ties  collect  considenible 
quantities  of  water  in  their  tissues  without  the  production  of  visible  and 
palpable  circumscribe*]  eilematous  swellings.  The  blood-plasma  may 
retain  it«  normal  amount  of  water.  The  proof  of  the  accumulation  of 
water  in  the  tissues  is  basetl  upon  the  observation  that  many  chlorotics 
mpidly  lose  weight  ami  excrete  large  quantities  of  urine  as  soon  as 
they  are  placed  upon  a  diet  that  is  proportionately  poor  in  water.  This 
point  is  of  therapeutic  interest  and  will  be  referred  to  later. 


THE   RESPIRATORY  ORGANS 

FREQUENCY   OF   RESPIRATIOR 

Repeated  reference  hiLs  been  made  to  the  condition  of  the  respiratory 
organs  in  the  pre<:e<Jing  sections  and  all  the  essential  jwints  have  been 
considered.  I  would  recall  the  excited  breathing  and  the  sense  of 
dyspnea  and  oppression  which  follow  upon  muscular  exertion.  The 
breathing  may  frequently  be  accelemtetl  without  any  preceding  physical 
exertion. 

To  obtain  a  general  idea  of  the  frequency  of  respiration  in  chlora«5is 
we  will  give  the  following  table,  which  is  basetl  upon  140  clinical  his- 
tories from  the  Second  Medical  Clinic  of  Berlin.  The  patients  were 
examined  twice  daily  for  many  weeks,  and  the  numbers  reconJetl  were 
those  most  frequently  observed. 

At  the  height  of  the  disease  the  average  number  of  respirations  in  a 
minute  was  in 


i  less  than 


20 

lg-22 

18-24 

20-25 

22-28 

24-28 


6  enst-s  less  than 24-30 

3    "  "  .....  2fi-30 

1     «  «         26-32 

3    "  "  .....  26^S4 

1    **  "         .....  2fU32 

7  "      always  more  than    .  30 


Since  almost  all  the  observations  were  made  with  the  patients  in  bed, 
the  majority  of  these  figures  indicate  a  considemble  increase  above  the 
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THE  DIGESTIVE  ORGANS. 
SUBJECTIVE  DISTURBANCES,    NERVOUS  DYSPEPSIA. 

With  the  exce[>tion  of  the  changes  in  the  bhiod,  iiri  other  system  of 
organs  so  frequently  presents  pathologic  pheiionieua  in  chlorosis  as  does 
the  digesti\'e  apparatus.  Until  a  f^w  years  ago  the  siibjcctive  disturb- 
ances deraandetl  the  greater  amount  of  attention. 

The  following  description  must  be  preceded  by  the  statement  that 
of  the  manifold  digestive  disturbances  of  chlorosis  there  is  not  a  single 
symptom  the  presence  of  which  may  be  definitely  expected  in  any  iodi- 
vidnal  case.  Many  chlorotics  remain  free  from  digestive  troubles 
throughout  the  entire  course  of  the  disease ;  some  patients  have  tem- 
|>orary  complaints  which  may  be  frequently  repeated,  but  which  are 
never  the  chief  source  of  annoyance;  in  a  third  und  quite  large  group 
the  digestive  symptoms  play  the  chief  r6]e  among  the  discomforts  of  the 
patient. 

At  this  place  a  few  stilt istics  might  be  tjuoted* 

Of  157  chlorottcs,  dyspeptic  troubles  of  the  most  varieil  nature, 
either  alone  or  in  assixnatiou  with  other  symptoms,  formed  the  chief 
complaint  in  49  (31.2  per  cent.)  of  the  patients.  In  a  much  larger 
number  there  were  tcmponiry  disturbances  of  the  gastric  and  intestioal 
functions,  but  these  did  not  form  an  essential  pait  of  the  discomforts 
of  tlie  patient. 

The  frequency  of  individual  symptoms  was  as  follows  ; 

Of  192  chlorotics,  75  (39  per  cent.)  complained  of  gjistric  pain  • 
30  (15.1  pt*r  cent)  were  troubled  by  vomiting  during  the  course  of  the 
disease. 

Of  21(3  chlon^tics,  9  (4  J  per  cent.)  had  gastric  ulcers. 

Of  182  chlon3tie^,  *>8  (3 LI  jier  cent.)  suffered  from  constipation, 
9  (4.9  jier  cent.)  ha<l  diarrhea,  and  4  (2.2  j>ercent*)  had  alternate  attacks 
of  constipation  and  diarrhea. 

Gastric  Paiti, — Pain  is  the  most  tnjubleeome  of  all  the  subjective 
disturbanccB  and  is  the  basis  of  the  most  frequent  complaint.  Abdominal 
pain  in  chlorosis,  which  h  correctly  or  incorrectly  dcsignattnl  by  the 
patients  as  "  pain  in  the  stomach,'-  is  due  to  different  causes.  It  ia 
very  important  to  determine  the  cause  of  the  pain  in  every  individual 
case,  liecause  it  is  usually  easy  to  relieve  it  when  the  actual  ct^ndition 
of  affairs  is  recognized* 

Tenderness  in  the  Epigastrium,  Just  Below  the  Xiphoid  Car- 
tilage.— This  pain  is  elicited  during  examination  when  the  finger  is 
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presiiied  upon  the  sfwjt  just  itidicated  ;  it  also  becomes  nutioeable  wheu 
the  individuul  beods  forward  so  that  the  corset  steels  are  pressed  agiiicHfe 
the  intercostal  angle.  This  variety  of  pain  has  no  diagnostic  import- 
ance ;  it  is  encountered  in  many  healthy  indtvtduals  and  is  j»articularly 
frequent  in  verj'  excitable  nervous  women.  It  reveals  the  existence  of 
a  general  hjrperesthesia  rather  than  the  presence  of  any  pathologic 
prtx^ss  in  the  abdominal  cavity. 

Tenderness  and  Fain  Throughout  the  Entire  Gastric  Area. — 
This  anijoyiiig  symptom  is  usually  more  troublesome  after  eating  than 
when  the  stomach  is  empty  ;  even  in  the  latter  condition^  however,  it  is 
not  entirely  absent.  It  depends  up>n  by[>eresthesia  tif  the  gastric 
nerves  and  doe^  not  allow  «jf  aiiy  conclusion  in  reference  to  the  di- 
gestive process. 

Pain  After  Eating* — These  pains  may  vary  in  their  significance. 
Sometimes  they  are  the  result  of  hyperesthesia  j  in  other  instances 
they  are  due  to  tlie  hyperchlorhydria  of  the  gastric  juice,  which  h 
very  frequent  in  chlorosis*.  Sindlar  {wiing  are  experienced  by  other 
individuals  who  suffer  from  an  excessive  secretion  of  hydrocliloric 
acid.  In  a  third  and  much  smaller  group  of  patients  the  pains  are 
caused  by  a  gastric  ulcer.  In  all  cases  the  gastric  pains  are  largely 
dependent  upon  the  quality  of  the  food.  The  more  irritating  the 
mechanic  and  chemic  qualities  of  tlie  diet  and  tlie  more  almndnnt  the 
meal,  the  more  pronounced  will  he  the  annoyance.  Re:?t  after  eating, 
particularly  in  the  dorsal  position,  tends  to  lessen  the  severity  of  the 
pain-  If  a  gastric  ulcer  is  present  an  area  of  circumscribed  tenderness 
corresponding  to  the  location  of  the  ulcer  can  usually  be  found. 

Colicky  Pains  or  So-called  Cardialjrias. — Tliese  frecpiently  end  in 
vomiting,  and  from  their  character  are  ti>  be  referred  to  spasmodic  con- 
tractions of  the  involuntary  musculature.  Some  of  these  attacks  are 
due  to  a  closure  of  the  pylorus  and  true  g-astric  spasm.  They  may  be 
present,  although  no  other  objective  disturbance  of  the  stomach  may  be 
rec*:ignized.  Tliey  more  frequently  tyceur  as  a  complication  of  gastric 
ulcer  or  of  gastric  atony.  During  the  attack  marked  peristaltic  move- 
ment4d  may  sometimes  be  seen  and  felt  over  the  stomach.  The  abdomi- 
nal walls  are  nsnally  so  contract€<l,  however,  that  we  are  unable  to 
perceive  any  of  the  intra-abthmiinal  movements.  When  there  is  a  change 
in  the  shape  and  size  of  the  st4miach,  it  sometimes  hapjx^nH  that  the 
pylorus  becomes  temfiorarily  bent  at  an  acute  angle  with  the  remaining 
portion  of  the  stonxach ;  spasmodic  contractions  then  occnr  and  give 
rise  to  cardialgia.  It  very  frequently  happens  that  the  ctjlicky  pains 
do  not  originate  in  the  stomach  at  all,  but  in  the  transverse  colon. 
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The  colic  of  the  large  intestioe  in  chlorosk  Biay  be  entirely  independeDt 
of  feeal  stasis  or  of  ao  angulation  of  the  iutejstine.  The  author  has  re- 
pGit<:^ly  observed  it  in  chlorotics  whose  bowels  were  regidurly  evacuated, 
in  whom  hard  fecal  manses  could  never  be  palpated  in  the  transverse 
and  descending  colons,  and  whose  abdominal  organs  were  normally 
situateiL  During  the  attacks  the  transverse  colon  could  be  felt  88  a 
hardj  sensitive  cord,  which  nipidly  changed  its  con.sii^tence  beueath  the 
pal|>ating  finger.  The  attacks  were  i*e|ieated  daily  for  some  time ;  in 
some  instances  they  ceased  gradually,  while  in  others  they  disappeared 
abruptly.  Warm  applications  during  the  attack  and  the  regular  admin- 
istration of  extract  of  belladonna  had  a  decidedly  favoniblc  effei»t. 

From  the  statements  of  the  fmtient  it  is  scarcely  ever  possible  to 
asoertain  with  certainty  the  cause  of  the  attacks  of  pain.  This  can 
be  discovered  only  by  an  exact  investigation  which  can  not  be  carried 
out  in  the  physician's  office^  but  which  ret^uires  careful  clinical  obeerva- 
tion.  We  tiud  **  cardiaigic  attacks"  recorded  17  times  in  250  cases  of 
chlorosis* 

Costalgia. — Tenderness  at  the  costal  margin,  usually  left-sided,  is 
quite  frequent  in  ehlnmsis.  It  is  usually  most  marked  at  the  end  of 
the  eleventh  rib  and  Ijetwecn  tlie  parasternal  and  mammary  line*  The 
author  must  completely  agree  with  O.  Roseiibach  when  he  refers  this 
variety  of  pain,  without  ejxcepition,  to  the  influence  of  the  corsets  TeJi- 
derness  of  the  costal  border  is  never  found  in  girls  who  are  sensibly 
dressed.  If  the  ei>i-set  pressure  is  marked  an  actual  periostitis  may  be 
prmlu€i*d,  which  makes  itself  manifest  by  the  thickening  of  the  peri- 
osteum. The  costal  pain  is  not  always  present.  It  is  not  felt  in  the 
erect  position,  in  spite  of  tight  corsets,  but  it  may  be  elicited  by  bending 
forward  or  to  one  side  ;  by  an  increase  of  the  intm-abdominal  pressure ; 
by  overloading  the  stomach,  or  by  flatulence.  If  the  rib  aflk*ted  with 
periostitis  is  pressed  upon  the  patient  cries  out  with  pain.  The  most 
effective  therapy  is  the  substitution  of  a  well-fitting  corset  for  the  tight 
one.  In  a  few  days  the  tenderness  will  usually  diminish  and  then  gradu* 
ally  disappt^ar. 

Nervous  Dyspepsia — ^Craving  for  Acids. — Since  our  knowl- 
edge of  the  patholog)^  of  the  digestive  organs  has  been  so  greatly 
extended  during  the  last  twenty  years,  more  stress  has  been  laid  upon 
the  demonstration  of  ol>jective  changes  in  chlorosis,  as  well  as  in  other 
disease^*  This  is  of  particular  importance,  since  it  is  quite  common 
for  obstinate  and  severe  digestive  symptoms  to  be  present  without  any 
ree^ignizahle  change  in  the  motor  or  chemic  functions  of  the  gastro- 
intestinal tract*     In  view  of  the  dispro[x>rtion  existing  between   the 
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Bobjeothre  and  objective  symptoms,  it  is  frequently  necessary  to  exclude 
actual  diseases  of  the  dige^^tive  organs^  and  to  apeak  of  "  nerv^ous  dys- 
pepsia/' In  ehlorotics,  whose  nervous  systems  offer  such  manifold 
signs  of  jMithologic  irritability,  we  should  nriturally  expect  something  of 
thii*  kind*  As  a  matter  of  fact,  the  number  of  chlorfitic  individuals  with 
pure  nervous  dyspepsia  is  not  small.  The  apjjctlte  is  whimsical  or  lost, 
there  is  a  sensation  of  weight  in  the  epigastrium  aft-er  eating,  which  may 
amount  to  actual  pain,  tenderness  in  the  hitcnil  abdomiual  regie »u,  aud  a 
marke^l  desire  cither  for  sour  foods  or  stich  acid- neutralizing  substances 
18  chalk.  Conscientious  examination  and  long-continued  observation, 
however,  show  that  the  stomach  is  normal ,  both  in  size  and  position  ; 
the  motor  power,  secretion  of  acids,  bowel  movements,  and  absorption 
of  nutritive  mat-erial  are  also  normal  in  every  respect.  If  much  atten- 
tion 18  piid  to  these  complaints,  or  if  an  endeavor  is  made  to  elicit  all 
the  details  possible  in  reference  to  them,  we  run  the  risk  of  iticreasiug 
the  difficulty,  as  is  the  case  in  many  hysteric  or  hyfKjcbondriac  indi- 
viduals. If  we  examine  the  patient  carefully,  and,  instead  of  consid- 
ering these  symptoms,  demand  an  increased  amount  of  work  of  the 
stomach  and  intestines,  the  disturbance^^  often  disappear  in  a  short  time, 
and  not  a  symptom  remains  to  recall  their  previous  existence.  This  has 
been  the  repeated  experience  of  those  who  do  not  always  follow  the 
beaten  paths  in  the  treatment  of  gastric  troublesi  and  who  du  not  ciin- 
fine  their  effort.^  simply  to  limitations  of  the  diet  in  every  case  in  which 
there  is  a  disturbance  of  the  gastric  or  intestinal  activity.  Such  men 
have  become  convinced  that  the  functional  activity  of  the  digestive 
apparatus  suffers  much  less  in  chlorosis  than  the  exa^erated  warnings 
of  many  authors  would  lead  us  to  l>elieve.  In  onler  to  show  the 
incongruity  between  the  sensations  of  the  patient  and  the  actual  state 
of  affairs,  the  author  may  be  allowed  to  mention  some  investigations 
which  he  carried  out  in  patient*?  who  had  a  marked  craving  for  acids* 
Many  authors,  including  O.  Rosen bach/^  still  believe  that  the  desire 
for  acidulous  foods  (vinegar,  lemons)  in  chlorosis  is  an  infallible  symp- 
tom of  the  deficient  production  of  hydrochloric  acid.  In  6  chlorotics 
who  exhibited  this  craving  for  acids  to  a  marked  degree,  the  author 
waRhed  out  their  stomachs  repeatedly  and  found  in  all  case**  not  only 
normal,  but  even  surprisingly  large,  amounts  of  hydiYvchlorie  acid  : 
(Hyperaciditj%  minimum  0.28  per  c^nt.,  maximum  0.37  per  cent*  HCI  ; 
organic  acids  absent.)  Instead  of  acids,  the  last  2  jkatients  coming 
nnder  his  observation  were  given  small  amounts  of  calciimi  carl>onate 
at  frequent  intervals  throusrhout  the  day,  and  the  craving  for  acidulous 
Bobstances  immediately  disappeared. 
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It  may  also  t>e  shown  that  in  many  other  respects  the  subjective 
symptoms  of  chloro.sis  are  not  always  dependent  upon  definite  disturb- 
ances of  function.  In  some  cases  there  may  be  a  certain  hyj>ere&ithesia 
of  the  gastric  and  intestinal  nerves^  which  is  re.sfKjn^iblc  for  the  trans- 
mission fjf  exaggerateil  sensations  to  the  cerebrum  (Rosenheim^),  In 
other  instauoes  a  series  of  painful  and  tender  areas  may  be  found  which 
G.  Sticker  ^^  lias  recently  described  as  cliaracteristic  of  hysteria. 

If,  io  accord  with  many  of  the  older  authors  and  fully  armed  with 
the  modern  technic  of  investigation^  the  author  should  claim  that  many 
chloroti&s  have  subjective  digestive  disturlmnces  without  any  actual 
impairment  of  the  digestive  function,  he  must,  on  the  other  hand,  still 
more  sharply  emphasize  the  fact  that  actual  disturbances  of  the  diges- 
tive organs  are  observed  in  chlorosis,  and  that  it  is  still  doubtful  whether 
these  disturbances  simply  accompany  the  disease,  whether  they  are  the 
results  of  chlorosis,  or  even  whether  they  are  able  to  produce  the  affec- 
tion. 

THE  POSITION  OF  THE  ABDOMINAL  ORGANS-THE  CORSET. 

The  old  and  fruitless  struggle  of  physicians  against  the  unreasonable 
dress  of  women,  particularly  against  the  csorset,  has  been  recently 
renewed  from  the  standpoint  that  a  constriction  of  the  lower  thoracic 
aperture  and  a  downward  displacement  of  the  abdominal  organs  lead 
to  chlorosis.  The  connection  between  cause  and  effect  has  been  ex- 
plained in  a  number  of  different  ways.  O.  Rosenbach  '**  regards  the 
corset  as  an  actual  hindrance  to  respiration,  which  is  resfwnsible  for  an 
insufficient  snpply  of  oxygen  j  the  lack  of  oxygen  is  the  cause  of  tlie 
destruction  of  hemoglobin  and  anemia.  The  further  observation  of 
Rosenbach/  that  the  corset  compresses  the  stomach  and  hinders  the 
ingestion  of  snt!icieot  food,  is  more  correct.  Nevertheless,  this  m  not 
a  sufficient  explanation  for  the  origin  of  such  a  typical  disease  as 
chlorosis.  Deficient  nutrition  may  be  followed  by  disturbances  of 
growth^  emaciation,  and  anemia^  but  these  sequels  by  no  means  resemble 
chlorosis. 

The  studies  of  Meinert  **•  are  much  more  profound  and  worthy  of 
attention  than  are  Rosenbach's  aphorisms  concenring  the  relations 
between  the  corset  and  chlorosis.  At  the  Tenth  Congress  of  the  Pedi- 
atric Society  (Nuremberg,  1893),  Meinert  reporte<l  the  results  of  inflat- 
ing the  stomachs  of  chlorotic  individuals.  The  inflation  was  aoeom- 
pHshiHl  in  some  cases  by  the  insufflation  of  air,  and  in  others  by  the 
development  of  carbonic-acid  gas.  When  the  inflation  was  marked,  it 
was  found  that  both  the  upper  and  lower  boundaries  of  the  stomach 
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were  lower  than  norniaL  From  the  onmerous  illustrations  the  actual 
CH)Dilitions  uf  atiuirs  seems  iv  hnvv  \Kvn  a  downward  displatrement  of 
the  pars  pylorica.  For  this  condition  Meinert  employs  the  term  adopted 
by  Gl^oard,  '*  ga^itmptosis  "  ;  recently  the  word  **  gaHtrokateixia  " — 
displacement  of  the  stomach — has  L>eeu  suggested  (C  A.  MeUziug  '^'). 
The  degree  of  the  gu8tric  disphii-eoient  was  quite  considerable  in  some 
casea;  w*e  find  in  the  dissertation  just  meDtioned,  ajs  well  as  in  the  later 
|Hiblie4itions  of  the  siinie  author/*^  numerous  cases  in  which  the  grtiater 
curvature  of  the  stomach  extended  a  hand's  breadth  Ix^ow  tlie  umbili- 
cus. Meinert  designates  the  constricting  effect  of  the  corset  as  the 
cause  of  the  gastroptosis.  Snpj>osing  the  observaticms  to  be  correct, 
there  was  really  no  other  apparent  cause.  The  jiatients  were,  almost 
without  exception,  very  young  girls  at  the  age  of  pnberty,  with  re- 
laxed abdominal  walls.  Meinert  expressly  states  that  in  his  practice  it 
was  frightful  to  observe  the  great  extent  of  the  popularity  of  tight- 
fitting  cf^rset^  among  this  class  of  yonng  women.  The  further  train  of 
tliought  which  Meinert  followed  concerning  the  causal  relations  lietween 
gustroptosis  and  chlorosis  is  worthy  of  note.  The  changed  position  of 
the  stomach  causes  a  tension  and  irritation  of  the  sympathetic  nervas — 
of  the  solar  plexus  particularly^ — which  control  the  distribution  of  bloixl 
and  the  formation  of  hemoglobin  in  the  spleen.  This  latter  oi^gan  is  influ- 
enced by  the  damage  dune  to  the  sym|Mthetic  plexns,  and  anemia  is  con- 
sequently pnxluced.  The  pathologic  irritation  of  the  sympathetic  plexus 
is  also  responsible  for  the  spontaneous  epi^stric  pain,  which  is  increased 
by  pressure  and  whicli  is  so  frequently  complained  of  by  chlorotics. 
He  also  traces  such  symptoms  as  hyperhidrosis,  facial  acne^  and  sebor- 
rheal eczema  to  the  abnormal  irritation  of  the  abdominal  sympathetic. 
We  see  that  Meincrt's  teaching  eonsisbs  of  two  parts,  which  are  to  be 
sharply  separate<l :  The  first  part  is  composed  of  anatomic  facts  which 
demand  confirmation  on  account  of  their  im^iortance  ;  the  second  part 
is  made  up  of  hypotheses  and  theories  which  It^d  us  through  obscure 
paths  and  constantly  require  fresh  hypotheses  fur  their  support.  There 
has  been  no  lack  of  confirmatory,  as  well  as  of  contnidictory,  reports. 
Among  those  agreeing  with  Meinert  we  lind  the  work  of  J.  Boudon  **^ 
and  also  the  article  by  Ageron  ^**  in  the  Fourteenth  Congress  for  Internal 
Medicine.  The  works  of  Martius-Meltzing,^**  Lei  nBruggeman/**  and  of 
A.  Huber  '*^  vary  in  many  important  respects.  The  following  questions 
were  to  be  answered  : 

1.  Is  the  simultaneous  occurrence  of  chlorosis  and  gastroptosis  as 
common  as  Meinert  claims,  and  is  the  gajstropt^Dsis  so  much  more  com- 
mon io  chlorotics  than  in  other  young  nonnihlorotic  individuals  of  both 
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sexes  that  we  may  assume  the  existence  of  an  intimate  coDnection  { 
between  chlorosis  and  gastroptosis  ? 

2.  Were  Meinerfs  cases  actual  instances  of  gastroptoeis,  or  are  the 
results  of  his  inflations  to  be  otherwise  explained  ? 

In  2  cases  of  pronounced  chlorosis  Hnber  failed  to  find  **any  indi- 
cation of  gastroptosis 'V;  no  statements  were  made  in  reference  to  his 
method  of  examination.  Martins  and  Meltzing  examined  the  stomach 
by  transmitted  light  and  found  that  **  the  transilluminated  stomach 
filled  with  water  had  the  same  boondarics  in  6  chlorotie  individuals 
that  it  had  in  4  non-chlorotic  women,  and  that  these  boundaries,  fiir- 
thermore,  agreed  with  those  which  bad  previouj^ly  been  found  in  healthy 
males/'  Although  Meinert'*®  raised  the  objeotion  that  gastrx^diaphany 
yielded  uncertain  and  deceptive  results,  Martins**^'  w^as  successful  in 
showing  that  such  was  not  the  case.  'In  other  instances,  Martins  and 
Meltzing  employed  the  method  of  Meinert  (inflation  of  the  stomach 
with  6  gm,  =^  9D  gr.  of  tartiiric  acid,  and  8  gm,  —  120  gr.  of  sodium 
bicarbonate),  and  in  no  case  of  chlorosis  could  they  obtain  tlmt  visible 
outline  of  the  lesser  curvature  which  Meinert  correctly  emphasized  as 
an  important  sign  of  gastroptosis.  Leo  and  Bnlggc^mann  found  a 
downward  displacement  of  the  greater  curvature  after  marked  dilata- 
tion of  the  stomach,  but  usually  failed  to  obser\^e  a  corresponding  de- 
scent of  the  lesser  curvature ;  they  consequently  do  not  recognize  gas- 
troptosis  as  a  regular  concomitant  of  chlorosis.  We  can  add  some 
observations  of  our  own,  which  may  not  be  without  interest,  since  we 
have  paid  attention  to  this  question  since  Meinert's  first  publicatioDs. 
Within  three  years  we  have  been  able  to  examine  carefully  for  gas* 
troptosis  unly  6  clilorotics,  who  bad  never  worn  corsets  and  whose  chestB 
and  aMomens  showed  no  evidence  of  constricting  clothing.  In  none 
of  these  cases  was  gastroptosis  present  (metlioil :  marked  dilatation  with 
carbonic  acid  gas)  ;  in  5  instances  the  greiiter  curvature  was  above  the 
umbilicus,  in  1  case  it  was  1  cm.  below,  and  the  lesser  curvature  was 
never  visible.  Judging  from  the  origin,  symptoms,  and  clinical  course, 
these  were  cases  of  true  chlorosis ;  tlie  ages  of  the  patients  ranged 
between  fifteen  and  seventeen  years*  Of  these  individuals  2  were  fac- 
tory girls,  the  other  4  belonged  to  the  educatetl  classes.  We  have  alea 
examined  a  number  of  chlorotics  who  were  accustomefl  to  wear  mom 
or  less  tight  corsets*  In  these  cases  we  have  sometimes  seen  a  consider- 
able descent  of  the  greater  curvature  and  the  simultaneous  appearance 
of  the  outline  of  the  lesser  curvature ;  in  other  cases  this  was  not 
observed.  We  are  unable  to  tjuote  figures  in  rc3ference  to  this  potnty 
since  less  stress  was  laid  upon  the  records  of  these  cases. 
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matters  stand  at  the  present  tirae,  MeiDert's  teaching — that  gas- 
tfoplosis  is  to  be  observed  in  all  ca^s  of  chlorosis^ — can  not  he  main- 
taioeiL  We  fully  recognize  the  correctness  of  Meiuert's  observations, 
but  we  also  require  him  to  admit  that  be  is  not  the  only  one  to  deckle 
whether  gastroptosis  is  present  or  absent,  and  that  he  should  coni^ider 
the  negative  results  of  other  exj>ert  observers  as  well  as  his  own  posi- 
tive ones.  Earnest  investigators  who  have  made  a  proiound  study  of 
the  pathology  of  the  digestive  organs  certainly  can  not  be  reproached 
with  the  fact  that  they  are  unable  to  recognize  a  gastroptosis.  Small 
degrees  are  always  difficult  to  astablisli,  but  marked  degrees  of  gastrop- 
tosis, such  as  Meinert  found  iia  his  |)atients,  give  a  characteristic  picture 
Uf  the  expert  which  excludes  all  errors — it  matters  not  whether  this  or 
that  deviation  from  the  ordinary  methods  of  examination  has  been 
employed.  The  cause  of  the  contriidiction  may  be  found,  fir^t  of  all, 
in  differences  in  the  material  coming  under  observation.  It  would 
seem  that  early  tight-lacing  is  the  rule  in  Meinert' s  vicinity,  and  if  this 
is  true  it  is  natural  that  he  would  very  frecjuently  observe  changes  in 
the  position  of  the  abdominal  fjrgans.  In  this  case,  however,  all  the 
more  caution  should  be  observ^eil  in  reaching  a  conclusion,  Meinert 
makes  one  statement,  of  the  greatest  importance,  which  he  does  not 
seem  sufficiently  to  have  considered.  He  says  that  4>f  400  women  over 
thirty  years  of  age  with  gastroptosis,  only  one-half  had  l)een  chlorotic. 
Meinert  helps  himself  over  this  fact  by  the  additional  hypothesis  that 
gastroptosis  alone  does  not  jiroduce  chlorosis,  but  that  there  must  be,  in 
addition,  a  pathologic  irritation  of  the  sympathetic  nerves  (*'  gastroptic 
crises  '*)*  Otliers,  who  think  more  cautiously  than  the  creator  of  the 
new  theory,  would  be  more  likely  to  Irnjk  upon  this  ratio  as  a  warning 
against  the  causal  combination  of  the  two  diseases.  In  the  writer's 
opinion  a  final  decision  can  be  made  unly  in  those  countries  where 
artificial  change  of  the  position  of  the  stomach  is  more  mrc.  Meinert 
correctly  appreciates  the  value  of  such  proof,  and  quotes  opinions  from 
foreign  countries  in  which  the  bad  habit  of  lacing  does  not  exist  and  in 
which  chlorosis  is  said  to  be  rare.  Such  evidence  without  a  profound 
study  of  all  the  conditions  of  life  is,  however,  without  value.  In  the 
meantime,  the  observation  of  the  conditions  existing  in  our  own  country 
is  of  more  importance.  For  some  time  past  there  has  been  a  strong 
feeling  against  young  girls  wearing  constricting  corsets.  There  are 
already  numerous  C4lucated  women  who  devote  a  great  deal  of  attention 
to  the  proper  ckithing  of  their  daughters,  and  who  provide  them  with 
»oft  yielding  corsets,  which  are  supported  from  the  shoulders,  and  which 
ftdfill  their  purpose  of  holding  up  the  breasts  without  constricting  the 
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abdomen.     This  movement  will  spr*^,  and  it  is  to  be  hoped  that  the 

social  influence  of  the^e  women  will  accomplish  more  than  liave  the  warn- 
ings of  physicians  for  a  number  of  centuries.  In  oiu*  own  circle  of 
activity  we  have  very  often  encountered  this  reform  in  referencse  to  the 
clothing  of  young  girl^,  and  yet  we  found  that  many  of  these  sensibly 
clothed  individuals  had  not  ascai^ed  chlorosis. 

From  the  publications  upon  the  subject  and  from  our  personal  ex- 
perience, we  would  conclude  that  changes  in  position  of  the  alnlominal 
organs,  particularly  of  the  stomach,  are  just  as  freipient  among  the 
chloroties  as  they  are  among  the  other  women  who  are  injudiciously 
dressed ;  that  sometimes  even  quite  marked  degrees  of  artificial  de- 
formities may  be  observed,  but  that  a  genetic  connection  between  the 
changed  positions  of  the  organs  and  chlorosis  is  very  unlikely, 

GASTRIC  ATOITV-GASTRIC  DILATATION- 

The  surprising  residts  of  Meinert  have  also  been  subjected  to  another 
interpretation.  Leo/**  who  has  studied  this  question  most  profoundly, 
admits  that  a  downward  or  transverse  position  of  the  stomach  is  encoun- 
tered in  girls  who  have  laced,  and  also  oonfinna  the  frequent  dow^nward 
displacement  of  the  lower  gastric  border  (after  dilatation,  reaching  just 
below  tlie  navel,  or  at  most  about  |  finger-breadths  lower).  He,  how- 
ever, considers  the  actual  cause  of  this  displacement  to  be  a  pathologic 
yielding  and  extensibility  of  the  gastric  wall,  a  condition  which  we  can 
designate  as  atony.  Such  a  conception  was  first  held  by  Pentzoldt,^** 
who  traced  the  gastric  disturbances  of  chloroties  to  a  supposed  dilata- 
tion of  the  stomach.  Since  the  difference  between  gastric  atony  and 
gastric  dilatation  is  only  one  of  degree,  we  will  consider  them  both  to- 
gether. 

The  frequent  occurrence  of  gastric  relaxation  is  most  sharply  empha- 
sised by  French  authors,  C.  Bouchard  ^^  states  that  he  has  found  a 
more  or  less  pronounced  dilatation  of  the  stomach  in  80  per  cent,  of 
all  cases  of  chlonKsis.  Couturier,'^'  one  of  Bouchard's  pupils,  expresses 
himself  in  a  similar  manner ;  he  thinks  that  chlorosis  may  arise  in  eon- 
sequence  of  a  dilatation  of  the  stomach,  and  that,  on  the  other  hand, 
chlorosis  can  itself  be  tlie  cause  of  gastric  dilatation. 

Hay  em  ^*'  demonstrated  gastric  dilatation  27  times  in  37  patients. 
In  24  eases  the  dilatation  was  slight ;  in  3  instances  it  was  extreme. 
Symons  Eccles^"  scarcely  ever  missed  it  in  chlorotic  individuals. 
Among  tlie  German  authors,  Neusser  ^**  and  A.  Pick  ^^  profess  the  same 
opinion* 

Unfortunately,  all  publications  do  not  give  convincing  evidence  of 
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the  correctness  of  the  diagiiosis  of  gastric  dilaUition.  The  objectioo  to 
the  publications  of  Bouchard  and  of  Hiiyem  is  that  they  laid  altogether 
too  much  weight  upon  the  presence  of  succussion  splashes  in  the 
stomach.  It  is  only  in  rare  instaiieoH  that  these  arc  sufficient  to  verify 
the  diagnosis.  Somewhat  more  wmfideoee  may  be  places:!  in  the  resulta 
obtained  l>y  inflation  of  the  stomach.  An  unusually  niarkcni  degree  of 
Slattibtlity,  such  as  those  found  by  Meinert  and  Le<.»,  at  least  demon- 
strates a  lessened  resistance  of  the  gastric  walls  to  pressure  from  within, 
and  justifies^  to  a  certain  extent,  the  diagnosis  of  atony.  Even  hen*  yve 
are  exjx>setl  to  many  sources  of  ermr,  since*  the  size  and  shape  of  the 
stomach  are  subject  to  individual  variations.  The  inflation  method 
does  not  prevent  the  confusion  of  mild  degrees  of  atony  with  mild  de- 
grees of  gastroptosis.  It  is,  furthermore,  Ut  be  considcR'd  that  a 
stomach  ciin  be  abnormally  distended  by  the  development  of  ciirbonic 
acid  gas  and,  nevertheless,  be  able  to  meet  all  the  natural  demands 
which  are  made  upon  its  raotor  power  by  the  ingestion  of  food.  For 
the  clinical  decision  as  to  whether  gastric  atony  and  dilatation  with 
motor  insufficiency  are  present  or  not,  the  results  of  the  inflation  method 
are  to  be  employed  only  with  caution*  This  question  can  be  decided 
only  by  determining  whether  or  not  the  stomach  empties  itself  of  its 
contents  within  a  time  wliich  is  to  I>e  considered  as  normal.  This 
normal  period,  as  is  well  known,  varies  aeairding  to  the  nature  and 
amount  of  the  food  ingested,  but  by  observing  the  same  experimental 
cooditions  a  constant  standard  U  obtained.  If  criteriii  such  as  these 
were  employed,  the  numher  of  diagnoses  of  giisirie  atony  in  cliloro^is 
would  be  materially  reduced.  Riegc^l,  who  has  stutlietl  the  gastric  dis- 
turbances in  chlorotics  more  profoundly  than  other  (lennan  authors, 
had  his  assistant,  K*  Osswald/'^  write :  **  The  motor  pcnver  itf  the 
stomach  was  always  very  go<xl ;  in  many  cases  it  wa,s  necessary  to  re- 
move tlie  gastric  contents  within  four  hours  after  the  ingestion  of  the 
test-meal,  since  the  stomacli  was  entirely  empty  after  five  hours/-  I,  A. 
Hoffman'"*  s^iys  :  **  The  Frfuch  repnrt.  very  considerable  digestive  dis- 
turbances, and  even  state  that  gastric  ililatation  is  common  in  chlo- 
rt>tics;  in  our  country  I  have  never  seen  a  true  gastric  dilatatitm  in 
chlorosis,'*  Frr^m  the  author's  observations,  wliich,  similarly  to  those 
of  Riegel,  were  based  ufwu  the  determination  of  the  [jeritKl  of  digestion, 
he  is  forced  to  take  an  intermediate  position.  In  the  course  of  the  last 
ten  years  he  has  washed  nut  the  stomachs  of  more  tiian  100  chlon>tics, 
fiometima^  after  a  test-hreakfast,  and  sometimes  after  a  hearty  meal  of 
mcat^  In  but  1 1  patients  did  the  stomach  retain  the  food  longer  than 
normal  ;  in  the  great  majorit>^  of  the  eases  the  stomach  cmptietl  itself 
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just  as  quickly  or  even  more  quickly  than  in  healthy  individuals.  In 
6  of  the  1 1  cases  just  referred  to,  the  anaeineses  stated  that  the  indi- 
viduals had  had  gastric  dlBturbances  since  their  early  childhood. 

When  the  diiferences  of  opinion  are  so  great  alxiut  what  is  a  com- 
paratively simple  question,  the  explanation  of  these  differences  must 
be  sought  in  different  conceptions  of  the  terms  *^  gastric  atony,  gastric 
dilatation,"  and  in  differences  in  the  methods  of  examination.  The 
diagnoses  of  the  French  authors  rest  for  the  most  part  upon  the  nature 
of  the  succussion  splash  j  we  agree  with  their  statements  that  this  sound 
may  be  obtained  more  easily  and  for  a  longer  pericxl  after  meals  in 
chlorotics  than  in  healthy  women  with  rigid  abdominal  walls,  but  we 
do  not  agree  with  them  in  their  interpretation  of  this  phenomenon. 
The  succussion  splash  is  hard  to  obtain  in  healthy  individuals  with 
rigid  abdominal  walls  unless  nothing  but  liquids  has  just  been  ingested. 
If  the  sound  is  readily  obtained  after  a  solid  or  a  semisolid  meal,  there 
are  several  jxissibilities  : 

1.  Downward  <hsplacement  of  the  stomach — frequently  present  in 
chlorotics,  as  in  other  young  girls  who  wear  tight  corsets, 

2.  Abnormal  relaxation  of  the  gastric  walls,  so  that  they  do  not 
<x)n tract  so  firmly  about  the  gastric  contents ;  they  evade  the  percussing 
stroke  and  allow  of  a  more  marked  agitation  of  the  gastric  contents. 
This  is  frequently  the  cause  for  the  readiness  with  which  the  succussion 
splash  may  be  obtaine<l  in  chlorojiis* 

3.  Abnormal  liquefaction  of  the  contents,  whereby  the  bul)bling  of 
the  fluid  is  more  easily  produced  by  [percussion  of  the  abdominal  walL 
Those  who  have  washed  out  many  chlon^tic  stomachs  will  be  aV>le  to 
confirm  the  statement  that  the  gastric  conteuts  are  frequently  of  an 
almost  watery  consistence.  If  the  stomach  is  washed  out  a  half-hour 
after  tlie  test-breakiast,  more  fluid  is  frequently  obtained  than  would 
correspond  to  the  volume  of  the  test-meal.  At  the  same  time  the  gas- 
tric juice  gives  a  very  marked  reaction  for  hydrooliloric  acid.  The 
significance  of  this  is  clear — the  secretion  not  only  contains  an  excess 
of  acid,  but  it  is  also  increased  in  aniiiunt  (suiversecretion).  If  we  de- 
jiend  upon  the  results  of  paljmtion  in  these  cases,  which,  in  the  author^s 
opinion,  are  not  m  very  infrequent*  we  are  very  likely  to  regard  them 
as  instances  of  atony  or  even  of  dilat'ition. 

He  considers  it  necessary  to  emjihusize  the  fuct  that  the  motor  func- 
tion of  the  stomach  is  well  maintained  in  most  ciises  of  chlorosis,  for 
this  point  has  a  most  important  bearing  U|x>n  the  treatment.  For  a 
stomach  with  motor  insutliciency  quite  a  different  line  of  dietetic  meas- 
ures is  to  be  carried  out  than  would  be  ob&er\^ed  in  the  treatment  of  a 
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stomach  with  a  normal  capacity  for  work.  He  has  frequently  had  an 
opportunity  to  observe  how  much  the  teacliing  of  gastric  dilatation  in 
chlomsis  has  influencetl  the  th era [K-'U tics  of  the  phyriician.  He  has  seen 
several  young  French  girls  who,  on  account  of  a  supjMJsed  gnstric  dila- 
tation, had  been  placed  upon  a  very  rigid  diet  by  their  Parisian  physi- 
cians ;  as  a  result  the  elilorosis  was  combined  with  a  niarke*!  degree  of 
emaciation.  In  none  of  these  cases  could  he  be  convincetl  of  the  exist- 
ence of  a  true  dilatation,  or  motor  insufficiency,  and  had  the  satisfaction 
of  seeing  the  young  women  rapidly  recover  when  placetl  upon  an 
abundant  diet. 


THE  SECRFHON  OF  HYDROCHLORIC  ACID. 

Manassein  ^*"  found  a  decreased  production  of  hydrochloric  acid  in 
the  stomachs  of  anemic  animals  (after  venesectioD).  It  is  characteristic 
of  a  certain  trend  in  medicine  that  the  resultii  of  this  investigation  upon 
animals  have  been  introduccil  into  human  pathology  without  further 
criticism.  Upon  it  was  based  a  new  treatment— tlie  administration  of 
hydrochloric  acid  (Zander  *^).  The  author  can  still  remember,  from  bis 
student  days,  how  the  clinical  teacher  would  refer  to  the  experiments 
of  Manassein,  and  discuss  the  question  as  to  whether  chlorotics  should 
be  given  iron  at  once,  or  whether  it  was  not  better  to  precede  the 
administration  of  iron  with  large  doses  of  hydrochloric  acid.  Even  at 
the  present  time  there  is  a  periodic  revival  of  the  praises  of  hydro- 
chloric acid  and  of  its  unconditional  administration  in  chlorosis  (O. 
Roseubach,^*  Edlefsen,^^  K.  Mordhorst  ^'*).  The  old  experiments  of 
Manassein  are  always  referred  to — an  unusual  glorification  of  animal 
experimentation  and  a  still  more  unusual  misconception  of  clinical  facts. 
The  teaching  of  a  lack  of  hydrochloric  acid  bari  also  playetl  an  important 
T6le  in  the  theories  of  the  origin  of  chlorosis.  The  much-quoted  and 
highly  valued  hypotheses  of  Bunge,^"^  which  are  sometimes  regarded  as 
dogmas^  are  based  upon  such  an  assumption. 

Ri^el  ^^  was  the  first  to  disregjird  experiments  upon  animals  in 
this  connection,  and  to  carry  out  cb'nical  investigations  in  chlorotic  indi- 
viduals. In  his  first  report  he  referred  to  3  ciises,  in  all  of  which  the 
gastric  content*  gave  a  marked  rmction  for  free  hydrtwhloric  acid  ;  the 
acidity  varied  in  the  first  case  between  0.22  and  0.26  per  cent.,  in  the 
second  case  betiveen  0:23  and  0.30  per  cent.,  and  in  the  third  case 
l)etween  0.38  and  0.46  per  cent.  These  increased  amounts  are  striking. 
Two  works  appeared  later,  from  Riegers  clinic,  which  supp>rteil  his 
first  publications  by  showing  that  marked  and  even  maximum  degrees 
of  acidity  (due  to  a  marked  excess  of  free  hydrochloric  acid)  are  not 
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the  exception^  but  the  rule  (Griine,  ***  Qsswald  ^^),  Grune  reported  19^ 
and  Osswald  21  cases.  In  eome  iuatances  there  was  as  much  as  0.58 
per  cent,  of  hydrochloric  acid  prei^ent.  The  authors  never  eDoountered 
pathologic  diminutions  of  production  of  hydrochloric  acid,  Dot  eveji  in 
cajses  wliich  were  associated  witli  pronounced  dyspeptic  symptoms* 

Other  investigators  have  tried  to  solve  this  t|Ue«tion,  not  always 
with  the  Rame  result.  Leu  he's  clinic  furnished  a  report  of  30  cases  of 
chl()rosis  (Si^hat^el  *^)  :  hydrochloric  acid  was  diminished  in  2,  normal 
in  6,  and  increased  in  22,  This  publication^  practically  agreeing  with 
the  teaching  of  Kiegel,  is  the  more  worthy  of  note,  since  an  earlier 
article  from  the  same  clinic  (Ritter  and  Hirsch  ***),  l>ased  upon  only  2 
cases,  had  expressed  an  opposite  opinion*  The  author  had  Rethers^ 
publish  a  small  series  of  statistics.  Of  20  cases  of  pure  chlorosis,  8 
had  acidities  above  normal  (0.29^.38  per  cent),  with  marked  reactions 
for  free  hydrochloric  acidj  in  7  cai^es  the  acidities  varied  within  normal 
limits  (0.12-<X28  fier  cent.)^  and  in  5  instances  free  hydroi'hioric  acid 
was  not  found,  in  spite  of  frequent  examination  ;  in  the  meantime  10 
more  cases  came  under  observation,  8  with  hy|*eracidity,  2  with  normal 
reactions.  In  72  cases,  Hay  em  ^^  found  the  amount  of  hydrochloric 
acid  increased  in  42,  diminished  in  28,  and  nomial  in  2.  C^ntu,**^  like 
Riegi*l,  states  tliat  the  over-production  of  hydrochloric  acid  is  charac- 
teristic of  chlorosis ;  this  symptom  is  said  to  lie  absent  only  when  the 
disease  is  of  very  long  duration,  Rosenheim, ^^  Buzdygan  and  Glu- 
zinsk!,^"'^  Maurer,'*^  and  Sehroth  ^"^'  found,  on  the  whole,  normal  acidities 
with  slight  and  rare  deviations.  The  only  authors  who  frequently 
found  a  diminution  of  liydrochloric  acid  arc  Lcnhartz  *"  and  Neusser.*** 
The  article  by  Neusscr  contains  no  exact  statistics. 

If  we  review  the  entire  subject,  we  become  convinced  that  a  lack 
of  hydroehluric  acid  c^m  no  longer  be  regarded  as  a  constant  concomi- 
tant of  chlorosis  imd,  furthermore,  that  none  of  tlie  theories  are  justified 
which  are  based  upon  this  sujii>osed  lack  of  hydrLK'hhvric  acid.  The 
hydrochloric  acid  is  very  frequently  increased  in  chlorotic  stomachs ; 
acidities  seen  in  no  other  disease  have  sometimes  Ijeen  obsen'ed.  On 
the  other  hand,  investigations  show  that  the  hyi^K^racidity,  which  was  so 
regularly  observed  in  the  patients  of  the  clinic  at  Gicssen,  is  not  a 
necessarj"  attribute  of  chlonisis.  It  is  evident  that  all  sorts  of  auxiliary 
influences  are  at  work.  Tito  author  has  tried  to  tlecide  from  his  own 
observati*)ns  and  the  clinical  histories  of  others — when  they  have  been 
given  in  detail — whether  the  grade  of  the  anemia,  the  age  of  the  patient, 
or  other  factors  exerted  any  influence,  and  whether  the  acidity  of  the 
gastric  juice  corresponded  to  definite  disturbances  of  digestion.     He 
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bas,  however,  been  unable  to  discover  any  regular  relatioo.  A  more 
exact  detailed  airaparative  observatioo  of  patients  woiild^  nevertheless, 
enable  one  to  discover  why  the  ooroial  or  increased  production  of  hydro- 
chloric acid  in  most  cases  gives  way  to  a  diminished  secretion  in  others. 
There  are  no  explanations  for  the  hyperacidity  that  are  free  from  objec- 
tion. We  might  think  of  the  inereased  amount  of  ch  lor  in  in  the  blood, 
whichj  according  to  the  investigations  of  W*  v.  Moraczewski,^^^  is  said 
to  be  indicative  of  chlorosis*  It  is  not  improbably  dependent  upon  the 
nervous  system.  The  gastric  mucous  membrane  is  hyperesthetic  {Th, 
Kosenheim  ^^) ;  this  fact  not  only  explains  the  numerous  subjective  dis- 
turlmnces,  but  it  is  also  the  cause  of  a  more  marked  stimulus  to  the 
secretorj^  centers,  resulting  in  the  production  of  an  abnormally  acid,  and 
frequently  an  abnormally  abundant,  gastric  juice  (see  pages  410  and  416), 


DEraCATION-DEGOMPOSrnON  IN  Ttm  INTESTINE. 

The  author  would  not  return  to  the  condition  of  the  bowels  in  chlo- 
rosis if  it  were  not  assficiated  with  an  important  practical  and  theoretical 
question.  The  older  writers  mentioned  sluggishness  of  the  bowels  only 
80  a  concomitant  symptom  of  chlorosis,  basing  it  upon  the  weakness  of 
the  anemic  intestine,  the  weakness  of  the  abflomioal  muscles,  and  the 
deficient  intestinal  secretion.  Duclos,^  Sir  Andrew  Clark, ^'  Ch.  Bou- 
chard/*^ Nothnagel,*'  and  others  subsequently  regarded  constipation  as 
a  causal  factor  in  the  production  of  chlorosis.  The  train  of  thought 
was  as  follows  :  Fecal  stasis  results  in  the  establishment  of  aV»normal 
processes  of  decomposition  within  the  intestinal  tract,  particularly  to 
increased  putrefaction  of  the  albumins  ;  poisonous  substances  are  formed 
which  are  absorbed  into  the  circulation  and  destroy  the  hemoglobin  or 
damage  the  blood-building  organs. 

Bunge  ^*^  has  a  different  idea  in  reference  to  the  increased  decompo- 
sition of  the  albumins ;  he  places  the  most  imfK>rtance  upon  the  origin 
of  large  quantities  of  sulphuretted  hydrogen  from  the  putrefying  albu- 
mins, and  its  stable  combination  with  the  iron  in  the  intestinal  tract. 
Bunge  *  has  since  withdrawn  this  hypothesis  as  untenable,  but  it  is  men- 
tioned here  in  order  to  show  the  prevalence  of  the  teaching  of  the  in- 
creased decomposition  of  the  albumins.  Sir  Andrew  Clark  '^  regards 
the  changed  mcKle  of  life  of  young  girls  at  tlie  time  of  puljerty  as  the 
*  canse  of  constipation.  He  refers  to  deficient  exereise,  the  use  of  the 
corset,  the  insufficient  ingestion  of  food  on  account  of  the  fear  of  obe- 
sity, and  states  tliat  in  girls  of  this  age  the  sense  of  shame  is  so  finely 
developed  that  they  dread  being  seen  in  the  vicinity  of  the  closet  and 
consequently  repair  to  this  locality  as  infrequently  as  possible*.     In  this 
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manner  habitual  constipation  is  produceiL  Hfillman  *^  lays  more  stress 
upon  the  development  of  the  pelvic  organs  ;  he  l>elieves  that  the  growth 
and  matumtion  of  the  sexual  organs  exercises  pressure  upon  the  rectum 
and  interferes  with  its  evacuation.  These  and  similar  conceptions  have 
naturally  given  rise  to  corresijonding  therapeutic  measures  ;  the  regula- 
tion of  the  bc:»wels  l>eing  jmrticularly  insisted  upon  by  Duelos,  Clark, 
Hiillman,  Nothnagelj  and  others.  The  question  is  consequently  one  of 
preeminent  practical  interest.  It  is  to  be  solved  partly  by  ch'nical 
observation  and  partly  by  a  ehemic  investigation  of  the  excretions. 

From  a  clinical  standfwint  it  must  be  i*ecognized  that  many  chlorotics 
suffer  from  marked  constipation ;  in  order  to  utilize  this  for  the  patho- 
genesis of  chlorosis  we  most  have  statistics  which  allow  of  a  comparison 
between  the  condition  of  the  bowels  in  ehlorotic  and  in  non-chlorotic 
girls  and  women.  Such  a  series  of  statistics  has  never  been  published 
and  it  would  be  very  difficult  to  obtain  exact  and  convincing  statements. 
The  author,  as  already  stated,  has  been  unable  to  observe  any  difference 
in  thb  ret^pect  between  ehlorotic  and  non-chlorotic  women.  In  his  pres- 
ent practice  the  disease  seems  to  be  more  frequently  accompanied  by 
sluggishness  of  the  bowels  than  was  the  aise  in  his  esirlier  experience. 
Constipation  was  observed  in  60  per  cent,  of  the  cases ;  only  once  was 
the  constipation  actually  severe  and  difficult  to  overcomCj  in  the  other 
instances  there  were  only  slight  irregularities,  which  occurred  periodic- 
ally and  which — ^when  not  combated^ — delayed  the  movements  for  one  or 
two  days.  It  should  also  be  added  that  in  this  locality  constipation  seems 
to  be  more  common  not  only  in  chlorotics,  but  also  in  other  young 
giris. 

The  following  statistics  of  182  cases  of  chlorosis  were  obtained 
during  the  author's  association  with  the  clinic  at  Giessen  and  with  the 
Second  Medical  Clinic  of  Beriin  : 

Reji^ular  daily  evacualions  witliout  lumtivea^  in  101  patients  —     55,5  per  cenL 
EvaL'UHlionu  at  an  avemge  interval  of  one, 

or  of  one  imd  one-half  dnyn  ,    .    .    »  "5         "       ^      2J      ** 

E^acuatinns  at  an  average  iiitervftl  of  one  and 

one-half  or  of  two  days "14        "       =      7*7      « 

Evac tuitions  at  an  ETerage  interval  of  two  or 

thre«cliiy« "40        '*       -     21.9       « 

Evacimtions  at  an  average  interval  of  three 

orfourdnvs "*       0        "       -       4.9       *' 

Tendency  to' diarrhea   ■        ■.-    -^ "      ^         '*       =       4.9      " 

Alternate  diarrhea  and  conHtipjition  .    .    ,    .    "      4        **       —       2.2      ** 

In  accord  with  the  experience  of  most  physicians  these  figures  show 
conchLsively  tiiat  constipation  is  a  frecjuent,  but  by  no  means  regular, 
concomitant  of  chlorosis.  There  is  no  reason  for  designating  it  as  a 
cause  of  the  disease. 
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Much  Diore  important  than  the  frequent  absence  of  ocmstipation  in 
chlorosis  is  the  fact  that  wc  oflen  eDcounter  mild,  mwlemte  and  severe 
degrees  of  habitual  con 8ti [nation  in  every-diiy  practice,  without  the 
glighteet  symptoms  of  clilorosis  and  with  quite  different  sequelee  than 
woiiUJ  correspond  to  this  disease.  Dogmatic  prejudice  alone  couJd  be 
blind  to  the  conclusive  prc^of  of  this  fact. 

Althongh  wc  have  stated  that  constipation  is  not  a  reguJar  concomi- 
tant of  chlorosis  and  that  the  sequels  of  constipation  do  not  resemble 
die  disease,  we  have  not  yet  touched  ujwn  the  essential  point  of  the 
discussion.  It  must  be  determined  whether  abnormal  processes  of 
decomposition  occur  in  the  intestinal  tract  with  the  formation  of  poisons 
sio  that  we  would  have  to  consider  intestinal  auto-intoxication  as  the 
cause  of  chlorosis.  To  make  the  solution  of  this  question  dependent 
upon  a  more  or  less  marked  degree  of  inactivity  of  the  lower  bowel^  is 
evidence  of  a  superiicial  oKithod  of  observation.  The  most  severe 
enterogenic  intoxications  known,  such  as  cholera,  for  example,  are  asso- 
ciated with  profuse  evacuations ;  the  pre^nee  of  intestinal  parasites 
gives  rise  to  severe  toxic  anemia,  entirely  independent  of  the  presence 
or  absence  of  constipation  (bothriocephalus  anemia) ;  in  other  metabolic 
diseases^  the  origin  of  which  is  doubtless  to  be  sought  in  abnormal 
decomposition  of  the  intestiDal  contents  (diarainuria,  alkaptonuria),  the 
condition  of  the  bowels  is  of  subortlinate  importance.  We  must,  con- 
sequently, look  alxMit  f  *r  other  eriloria  and,  ab:)ve  all,  tr\^  to  discover 
whether  such  abnormal  pn>duots  of  decomjxjsition  are  to  he  found. 
The  work  of  Th.  Rethers  ^^  marks  the  first  advance  io  this  direc^tion. 
Since  there  were  but  few  reports  upon  the  amount  of  indican  in  the 
urine  of  chlorotic  individuals  (Hennige/^^  Heinemaun,^'*  Senator^'^* 
Ortweiler  *~) — the  indigo  reaction  being  feeble  with  rare  exceptions — 
the  author  had  Rethers  determine  the  total  quantity  of  the  conjugate 
sulphates  in  the  urine,  since  these  combinations  (indol,  skatol,  phenol- 
sulphate)  form  a  gmxl  indication  of  the  extent  of  the  putrefactive 
decompositioo  of  the  albumins  in  the  intestines. 

The  investigations  were  made  upon  1 8  cases  of  chlorosis,  which  were 
almost,  without  exception,  instances  of  severe  types.  The  quality  and 
quantity  of  the  diet  was  approximately  the  same  in  all  these  instances 
(much  albumin,  little  carbohydrates  and  milk).  In  healthy  individuals, 
moetly  women  who  were  on  the  same  diet,  the  author  had  usually  found 
the  daily  amount  of  the  conjugate  sulphates  to  vary  fn»m  0.12—0.25 
giD.,  Bcrmetimes  more,  sometimes  less.     Of  these  18  chlonHics 

3  secreted  over  0.30  gm.        1  secreted  over  0.20-0.25  gm, 

5       **  *'      0.25-0.30    *'  9       "  less  than  0.20  " 
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These  were  the  average  amouDts  obtained  from  repeated  daily  exami- 
nations of  the  urine* 

Bathers  concluded  from  this  that  gastro-intestinal  disturbaDces  pro- 
ducing an  increased  putrefaction  of  the  alburuins  are  not  rare  in  chlo- 
rosis, but  that  they  are  not  frequent  enough  to  be  made  responsible  for 
the  origin  of  the  dlseafie. 

After  the  appearance  of  Rether's  dissertation,  the  author  carried  out 
parallel  experiments  upon  4  chlorotic  and  4  healthy  girls.  The  diet 
was  exactly  the  same  as  in  the  investigations  of  Rethers.  The  urines 
were  examined  for  thi'ee  days,  and  the  following  average  daily  amoonts 
of  conjugate  sulphates  were  found  in  the  urines  of  the  chlorotics — 0.17, 
0.19,  0.25,  0.26  gni. ;  the  urines  of  the  healthy  giris  contained  0.165, 
0,21,  0,24,  0.28  gm. 

As  Albu  ^^  rightly  remarks,  the  last  word  upon  this  subject  has  not 
been  said ;  in  the  meantime,  pmof  being  offered  only  that  the  form  of 
albuminous  decomposition  which  terminates  in  the  formation  of  aro- 
matic substances  can  not  be  of  decisive  imfwrtance  for  the  origin  of 
chlorosis,  the  ptomains  and  poisonous  albuminous  bodies  wonld  still 
have  to  ha  considered.  The  hypotheses  of  Forchheimer  **  consider  these 
substances,  but  it  is  quite  useless  to  pursue  the  subject  further  until  the 
realm  of  positive  knowledge  has  been  considerably  enlarged. 


THi;  ABSORPTION  OF  FOOD, 

Investigations  of  the  absorption  of  nutritive  material  give  an  idea 
of  the  entire  amount  of  work  done  by  the  gastro-intestinal  tract ;  they 
have  not  been  carrieil  out  in  large  numbers  of  chlorotic^.  We  will  place 
the  results  of  those  known  up  to  the  present  time  in  a  small  table : 


Nutrition  per  day. 


Los  in  feces  per  d«j« 


Duration 
Author.  of  the 

experiment, 

WaUenstein"*     ^    ^  <}  days 
Lipttiann-Wulf  * 
and 
V.  N(K:>rden. 


Total 
solids 
in  gm. 

.3-17 
.  441 

.483 


Nitrogen 
in  gm. 

10.46 

13.06 
12.78 


39.26 
85.86 
98.47 
93.65 


ToUl 
Bfiitdfl 
In  jptn. 

16.3 
22,4 

23,5 
24.2 


Nitrogen 
111  Km. 


All  these  were  severe  cases  of  chlorosis.  The  results  showed  a 
normal  absorption  of  total  solids,  of  the  nitrogen,  and  of  the  fat. 
The  only  striking  feature  is  the  poor  absorption  of  the  fats  in  Waller- 
gtein's  patient ;  12.63  jier  eent,  of  the  fats  ingest*x]  (or  of  the  substances 
soluble  in  ether)  passed  out  with  the  feces.  This  high  percentage 
Bhoiild  n(»t  be  surprising,  nor  should  it  be  designated  as  pathologic, 
6inc4?  the  diet  contahis  very  little  tiat,  and,  as  is  well  known,  the  pro- 
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portion  absorbed  under  such  conditions  is  always  quite  small  (v. 
Noorden  »^). 

Further  inve&tigiitions  are  still  to  be  dasired.  In  rare  cases  the 
feoed  of  chlorotics  resemble  the  clay-oolored  stools  of  icterus  (v. 
Jakfech,**  Nothnagel/^^) ;  this  coudition  always  seems  to  be  transitory 
in  it6  character.  We  have  encountered  tliese  clay-colored  stools  only 
twice  in  chlorosis,  although  we  have  made  mquiries  upon  this  point 
in  every  case  for  the  last  eight  years.  This  patient  was  fed  ujion 
ordinary  mixed  hospital  diet ;  the  feces  were  of  a  grayish-clay  color, 
and  the  dried  residue  contained  31/2  per  cent  of  lat,  not  an  excessive 
quantity.  The  patient  was,  unfortunately ,  so  unreliable  that  no  accu- 
rate experiments  could  be  carried  out ;  in  a  few  days  the  bowel  move- 
ments lost  the  gray  color  and  did  not  regain  it  throughout  the  entire 
period  of  observation.  In  fiiture  cases  we  must  particularly  observe 
whether  this  gray  color  is  due  to  the  large  amount  of  fat  or  to  the  de- 
creased amount  of  bile.  In  accord  with  Ni>thnagel,  we  were  able  to 
determine  in  our  case  that  there  was  certainly  not  a  complete  absence 
of  the  derivatives  of  the  biliary  coloring- matters.  A  decrease  of 
hydrobilirubin  is  not  rare ;  we  shall  have  to  treat  of  this  more  in  detail 
upon  a  subsequent  oct^asion. 

[Vanaini  ^  has  studied  the  metiibolism  in  chlorosis  and  refers  to  pre- 
vious investigations  along  the  siime  line.  He  found  a  tlistinct  nitrogen 
retention*  The  absorption  from  the  intestines  of  pmteids,  fats,  and 
carbohydrates  was  normal.  The  water  balance  varies  widely  in  difier- 
ent  cases  and  at  different  times.  The  conditions  of  the  urine  are  gen- 
erally normal  as  to  the  quantity,  specific  gravity,  and  acidity.  The 
nitrogenous  elements  vary  greatly,  especially  the  ammouia  and  urea. 
The  ethereal  sulphates  are  generally  not  increased,  but  there  is  not  in- 
frequently some  increase  in  the  neutral  sulphur.  Earthy  phosphates 
are  often  diminished.  The  calcium,  magnesium,  sodium,  and  potassium 
balance  is  normal. — ^Ed.] 

THE  SPLEEN. 

According  to  the  statements  of  the  older  authors,  the  spleen  of 
chlorotics  shows  no  changes  ;  it  is  particularly  stated  that  it  is  not 
enlarged.  Immermann,^  for  example,  states  that  *' the  two  cases  of 
Fuhrer^*^  and  Seharlau '**  which  came  to  autopsy  and  in  which  the 
spleens  were  enlargeil,  soft,  and  pigmented,  were  ver^^  exceptioual,^' 
In  some  other  autopsy  reports  which  the  author  consulted  no  mention 
is  made  of  enlargement  of  the  spleen.     Exceptions  are  found  in  those 

*  FtrcAow'a  Archiv,  clxviii.,  190-1,  p.  375. 
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cases  where  complicatioDS  existed  that  usually  give  rise  to  splenic 
enlargements,  such  as  pyemia,  for  example.  Among  others  in  this 
class  is  the  case  of  Milduer*^  with  a  severe  bed-sore  and  infections 
venous  thrombosis,  and  the  case  of  Le  Sage  ^  with  sinus  thrombosis 
and  purulent  peri-oophoritis*  In  recent  years,  on  the  contnir);,  clin- 
icians have  frequentl}^  pointed  out  the  occurrence  of  splenic  enlarge- 
ments in  extreme  eases  of  chlorosis.  Jaeobi  **  found  this  symptom  Ln 
6  out  of  7  casesj  and  regards  it  as  a  regular  symptom  of  the  severe  type* 
Chvostek  '^  reports  enlargement  of  the  spleen  21  times  in  56  cases;  the 
anterior  pole  of  the  spleen  was  jjalpable  13  times;  in  8  cases  the 
enlargement  was  demonstrable  by  percussion  only.  In  the  majority  of 
these  cases  all  other  causes  of  spleoic  swelling  were  excluded.  Chvostek 
believes  that  active  regenerative  processes  occur  io  the  blood  of  chlo- 
rotics,  and  to  this  he  attributes  the  enlargement  of  the  spleen,  Rummo 
and  Don  ^^  frequently  found  a  splenic  enlargement  when  they  treated 
chlorotic  individuals  with  subcutaneous  injections  of  citrate  of  iron  and 
ammonium.  The  splenic  enlargement  apjieared  when  the  chlorosis  im* 
proved  and  while  the  blood  was  in  process  of  active  regeneration.  In 
Jacobi's  cases  the  opposite  condition  obtained— *tlie  splenic  enlargement 
disappeared  with  the  cure  of  the  chlorosis.  Apparently  unacquainted 
witli  the  works  of  his  predecessors,  Cl6ment**  writes  of  the  frequent 
enlargement  of  the  spleen  in  chlorosis.  A  new  author,  a  new  expla- 
nation !  Clement  regards  the  splenic  swelling  as  proof  of  the  infectious 
nature  of  chlorosis. 

In  the  records  of  the  Clinic  at  Giessen  and  of  the  Second  Medical 
Clinic  of  Berlin,  we  find  statements  in  reference  to  the  condition  of  the 
spleen  in  168  cases  of  chlorosis : 

Spleen  not  nalmble,  ilulneaM  less  thtin   7  cm.  in  122  cases  —  72.6  per  ceot, 

more    *'      7     *'  **  21      "     =12.5      " 

"       enlftrge<i  demonfitnihle  by  fiaJpation  **  15      *'     —   8.9       ** 

"            •*           without  more  exact  statement  "  10      "     -   6.0      " 

In  the  chlorotics  examined  in  our  office  or  in  consultation  daring  the 
last  two  years,  and  in  whom  the  anemia  was  almost,  without  exception, 
of  a  most  markeil  degree,  the  spleen  was  much  more  frequently  |mlpable 
than  was  the  case  in  the  hospital  statistics.  In  45  per  cent^  of  the 
cases  it  projected  beyond  the  costal  margin  during  inspiration* 

It  may  Ije  doubted  whether  there  is  really  a  corresponding  enlarge* 
ment  of  the  spleen  every  time  the  splenic  dulness  is  increased  and  the 
apex  of  the  spleen  is  palpable.  We  frequently  have  to  do  with  girls 
and  wtmieu  in  whom  the  )K>sition  of  the  abdominal  organs  has  been 
change*!  by  inappropriate  clothing*     The  j^pleen  is  particularly  likely 
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to  be  involvwl  in  goeh  displacements,  and  in  timny  io.stanc?es  it  may  l>e 
ratber  a  wantleriog  or  di;?loaited  ypleeii  tluto  an  enlargement  of  the  organ. 

These  objeotions  can  be  made  only  to  a  certain  number  of  obaer- 
Tations.  In  raauy  mstaooed  a  true  enlargement  of  the  spleen  ean  not 
be  denied.  From  my  own  ex|*erience  the  splenie  swelling  seems  to 
accompany  only  the  ti^evere  forms  of  chlorotic  anemia  and  to  disappear 
rapidly  during  recovery. 

These  remarks  may  cause  more  attention  to  be  given  to  the  condi- 
tion of  the  spleen  in  chlorosie.  In  view  4 if  the  paueity  of  details,  it  is 
not  worth  while  to  consider  the  Bignificance  of  the  splenic  enlargement 
at  the  present  time, 

THE  SEXUAL  ORGANS. 

We  have  previously  repeatedly  empbaeized  the  fact  that  intimate 
relations  between  the  genital  apparatus  and  the  diyturl>ances  of  bltixxl- 
fonuation  leading  to  chlorosis  are  not  to  he  denied.  According  to  our 
supposition  the  explanation  is  to  Ix^  found  in  anomalies  of  metabolism 
in  some  portion  of  the  sexual  ap^xinitus  (see  pages  348  and  351), 

At  this  place  we  will  eonNider  nnly  those  phenomena  which  are 
capable  of  objective  demonstration.  The  anatomic  and  menstrual  anom- 
alies are  to  be  particularly  discussed. 

DISTURBANCES  OF  DEVELOPMENT. 

The  pathologic  anatomists^  led  by  Rokitansky  ^  and  Virchow/ 
taught  that  a  deficient  development  of  the  genitalia  was  found  in  indi- 
viduals who  had  suifert^d  fmm  severe  and  incurable  forms  of  chlorosis. 
The  autopsy  reports  upon  which  this  teaching  is  bas<:Hi  sjN?ak  mostly 
of  smallne^s  of  the  uterus  {uterus  infantilis)  and  of  small  ovaries  with 
a  greatly  decreased  number  of  follicles.  It  would  be  most  praiseworthy 
if  the  pathologic  anatomist  and  clinician  would  work  together  to  furnish 
a  larger  series  of  statistics  upju  these  cases.  The  author  has  looked 
over  nearly  all  of  the  published  postmortem  records  of  cases  of  chloro- 
rosis  and  the  result  was  not  worth  the  trouble.  In  but  27  cases  were 
there  statements  in  reference  to  the  anatomy  of  the  sexual  organs  ;  in 
25  instances  the  descriptions  werc^  such  that  the  presence  of  develop- 
mental disturbances  of  the  uterus  or  of  the  ovaries  could  be  assumed 
with  some  degree  of  certainty.  It  would  be  much  better  than  this 
variety  of  statistics  if  we  Would  start  with  those  cases  w^hieh  present 
evidence  of  retardeil  development  at  autopsy  and  then  to  determine 
whether  these  individuals  had  ever  had  chlorosis. 

In  view  of  the  scarcity  of  pathologic  material  we  are  particularly 
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indebted  to  H.  Stieda,^  who  UDdertook  to  solve  this  question  by  means 
of  gynecologic  cxaraiiiiitions  upon  the  living. 

In  the  gynecologic  "Poliklinik"  at  Freiburg,  Stieda  attempted  to 
determine  whether  thosse  conditions  which  must  be  detjiignatcd  as  retarded 
development  or  developmental  di.stnrbances  (the  so-called  **  signs  of 
degeneration ")  of  the  bmly^  psirticularly  of  the  pelvis,  breasts,  and 
genitalia,  were  more  frequent  in  chlorotics  than  in  other  persons. 

Tbe  examinations  were  made  in  23  chloroties.  In  14  cases  (61  per 
cent.)  the  pelvis  resembled  that  of  a  puerile  type  (lessened  transverse 
measurement  of  the  anterior  half  of  the  pelvic  ring). 

In  y  ciises  (39.1  [)er  cent.)  there  was  a  deficient  development  of  the 
external  genitalia  (labia  majora  and  minora,  clitoris j  pubic  hair)^ 

No  imomalies  oi'  the  hymen  or  vagina  were  found. 

In  5  cases  theiT  was  an  infantile  uterus  ;  in  1  instance,  a  uterus 
duplex. 

In  12  eases  the  ovaries  were  smaller  than  normal ;  in  9  cases  the 
difference  was  slight,  in  3  instances  it  was  very  considerable. 

In  f)  eases  the*  bi'easts  were  poorly  develo|>ed  ;  in  7  cases  only  mod- 
erately so,  making  a  total  of  52,2  j>er  cent. 

Tliese  degenerative  signs  occurred  sometimes  alone  and  sometimes 
in  groups.  Taken  altog^-tljer,  no  less  than  73.9  i>er  i^nt.  oi'  the  chlo- 
rotie  pers4:ms  examined  exhibited  one  or  more  of  these  developmental 
anomalies. 

During  the  same  period  of  observation,  non-chlorotic  patients  were 
examined  for  the  purpose  of  comparison. 

Among  233  persons,  the  above-mentioned  anomalies,  either  alone 
or  in  u.'^soeiatiitn  with  ejich  other,  were  found  in  64  individuals — L  e,, 
in  27,5  per  cent. 

The  details  of  these  anomalies  are  as  follow^s  : 

Pelvic  anomalies  in  23.6  per  cent,  (puerile  pelvis  in  9.9  per  c^nt-). 

Deficient  development  of  the  external  genitalia  in  4.7  per  cent.,  of 
utenis  in  4.3  per  cent.,  and  of  the  ovaries  in  0.9  per  cent 

Defi<'ient  development  of  the  breasts  in  3,9  per  cent. 

In  a  previous  collection  of  cases  from  the  same  clinic  Wiedow  '^  had 
found  that  one  or  more  of  the  so-called  degenerative  signs  were  found 
in  20  per  cent,  of  the  patient**. 

Although  the  number  of  cases  examined  by  Stieda  is  small,  the 
author  does  not  think  we  should  hesitate  to  pmmidgate  Stieda' s  results, 
together  with  the  comparative  percenlages,  since  they  practically  cx)n- 
stitute  the  only  serviceable  collection  of  material  that  we  posssess  at 
the  present  time.     The  final   conclusion  is   important  and  surprising : 
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73-9  per  cent  of  the  o!ilun*tic,  und  uiity  20-27.5  ]>t*r  eeiit,  of  the 
Don-cblorotio  iiidividuuls  exhibited  one  or  more  developmeiitiil  aiiooi- 
aties. 

The  signifit'since  of  the  result  is  such  that  we  are  inclined  to  await 
the  publicatinn  uf  a  larger  series  of  observations.  Stieda,  like  Immer- 
mann/  is  inelioeil  to  believe  that  chlorosis  is  imlependent  of  arrested 
development ;  these  authors  both  look  upon  the  arrested  development  of 
the  genitalia,  on  the  one  haod,  and  the  deficieot  formation  of  b!<xKl,  upon 
the  other,  as  coordinate*!  *Ulegenerative  signs  ■'  or  disturbances  of  develop- 
ment* This  certainly  must  be  admitted  as  far  as  a  large  number  of  the 
anomalies  are  concerned— for  example,  where  the  arrested  development  is 
limited  to  the  |)elvic  bones  or  to  the  extenial  geuitalia.  In  the  decision 
of  the  question  as  to  whether  tlie  deficient  niatunition  of  the  uterus, 
and  particularly  of  the  ovaries,  exerts  any  deleterious  influence  upon 
the  activity  of  the  hematofjoietic  organs,  these  clinical  reports  are  of  no 
more  aid  to  us  than  the  previously  published  autopsy  recordii- 


MENSTRUATION, 

We  are  not  justified  in  drawing  any  far-reaching  conclusions  from 
the  condition  of  the  menses.  Nevertheless,  it  is  wortiiy  of  note  that, 
of  all  diseases,  chlorosis  is  most  fretpiently  act*ympanied  by  menstrual 
disturbances.  This  is  also  suggestive  of  the  intimate  relations  which 
exist  between  the  prw.esses  ocM-urring  in  the  geuitalia  and  those  taking 
place  in  tlie  hematopoietic  oi-gans. 

Various  passible  interpretations  of  the  nature  of  this  connection 
have  been  stated*  We  will  limit  ourselves  to  briefly  outlining  some 
of  them  : 

1.  Chlorosis  is  a  result  of  the  menstrual  disturbances.  Some  writers 
would  trace  chlorosis  directly  to  the  losses  of  menstrual  blocHj.  Such 
ft  hypothesis  as  this  disre^rds  the  facts  that  many  girls  are  attacked  by 
chlorosis  before  they  have  ever  menstruate4:l,  and  that  in  a  still  larger 
number,  who  become  chlorotic  later,  the  losses  of  blood  are  much  too 
small  and  much  too  infrequent  to  pnxluce  a  severe  anemia.  In  view 
of  the  previous  histories  of  some  attacks  of  chlon>sis  and  in  view  of 
the  numerous  cases  in  which  the  menstruation  became  scanty  or  entirely 
oeased  with  the  appearance  of  the  disease,  an  etiologic  significance  can 
hardly  be  ascril>ed  to  the  menstrual  bleeding — not  even  in  an  individual 
case  when  the  chlorosis  is  preceded  or  accompanied  by  markal  and  foul- 
smelling  losses  of  blood. 

The  absence  of  the  menses  has  also  been  made  responsible  for  clilo- 
roeb.     Charrin  •  regards  the  disease  as  a  variety  of  menstrual  intoxica- 
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tion*  According  to  his  conception,  wlien  the  menses  are  scanty,  toxins 
which  are  iojurious  to  the  bloLnl  and  to  blood-formation  are  retaine<l  in 
the  body*  This  is  practically  equivalent  to  one  of  the  wndespread 
beliefs  of  the  laity. 

2,  The  menstrual  disturbances  are  the  results  of  chlorosis.  The 
champions  of  this  theory  trace  both  the  diniinutitm  and  in  frequency  of 
the  menstrual  flow,  as  well  as  greater  frequency,  menorrhagia,  and  pains 
of  the  most  varied  descriptions,  to  the  basal  disease.  It  is  such  a  varied 
conglomeration  tliat  we  might  say  there  is  almost  no  form  of  menstrual 
anomaly  which  has  not  been  explained  by  the  impoverishment  of  the 
blood. 

It  seems  most  natural  to  attribute  a  scantiness  of  the  menses,  or 
even  amenorrhea,  to  the  chlorotic  quality  of  the  bhjod.  Ex^>erieDoe 
favors  this  view,  since  the  menses  frec|uently  become  more  profuse  and 
more  regular  with  improvement  of  the  anemia.  Objections  are  en- 
countered, however,  when  we  draw  compari.sons  with  other  forms  of 
anemia.  So-called  pernicious  anemia,  leukemia,  and  many  marked 
cases  of  secondary  anemia,  are  more  prone  to  produce  an  exaggeration 
than  a  diminution  of  the  menstrual  flow*  At  all  events,  the  disturb- 
ances of  menstruation  in  chlorosis  are  too  manifold  and  too  independent 
of  the  severity  of  the  disease  to  be  considered  as  uniform  and  intimate 
consequences  of  the  affection. 

3.  The  anemia  and  the  menstrual  anomalies  do  not  hold  any  causal 
relations  with  eacli  other,  but  they  are  both  dependent  upon  other  com- 
mon causes.  This  is  a  natural  elaboration  of  our  previously  stated 
hypjthesis  of  the  origin  of  chlonjsis  (see  pages  347  and  355)  and  we 
incline  to  this  view.  We  have  assumed  that  the  attack  of  chlon->sis  is 
excited  by  pathologic-metabolic  processes  in  the  genitalia,  particularly 
in  the  ovaries  and  probaiily  dejiendent  ujwn  the  maturation  of  the  ova, 
or  even  by  a  deterioration  of  the  normal  processes  of  metabolism* 
Pathologic  processes  in  the  ovaries  must  also  be  made  responsible  for 
the  disturbances  of  menstruation.  Since  the  processes  within  the 
ovaries  which  lead  to  imiiairment  of  blood -formation  and  Uy  anomalies 
of  the  menstrual  flow  neetl  not  necessarily  be  identical,  the  anemia  may 
be  associated  with  the  most  varied  forms  and  degrees  of  menstrual 
disturbances. 

We  will  leave  these  thcorieis  and  give  a  brief  survey  of  the  ftie- 
quency  of  menstrual  disturbancejs  in  chlorosis.  In  addition  to  some 
small  series  of  observations  of  previous  authors  we  can  furnish  a  larger, 
neWj  and  carefully  selected  amount  of  statistic  matter. 


SPECIAL  SYMPTOMATOLOQT. 


429 


H.  Sehiilxe  *^  reports  of  26  cliloroties  : 
5  times^  normal  menstniatioD  -, 
4     **       no  menstruation  as  yet ; 

7     *'       normal  menstruation  before    the  disease — when    the    disease 
apf)eared  the  menstrual  flow  became  scanty  in  4,  and  more 
profuse  in  3  instances ; 
10  *'       complete  amenorrhea  dnring  the  chlorosis, 

Haycm  *  sUites  that  girls  who  have  not  yet  menstrnated,  only  rarely 
become  chlomtic.  The  condition  of  the  menses  before  the  disease,  as 
ifgards  both  quantity  and  regularity,  does  not  differ  fmm  that  observed 
in  girls  who  do  not  become  t^ilorotic.  With  the  appearance  of  the 
cbloro*?is  there  is  almost  always  an  impairment  of  the  menstrual  pnx:- 
ess.  Of  65  patients,  24  lost  their  menses  with  the  appearance  of  the 
diKase,  36  suffered  a  considerable  diminution  in  the  amount  of  the 
menstrual  flow,  4  shtiwed  no  change  whatever,  and  1  lost  larger  amounts 
of  blood  at  more  frequent  intervals. 

Ossent*  encountered  disturbances  of  menstruation  68  times  in  195 
dilorotics  (34,9  per  cent.) ;  the  perimls  were  sometimes  too  profuse, 
sometimes  too  scanty,  painful,  irregular^  etc.  ;  more  exact  statements 
are  wanting.  In  14  cases  the  f>eriods  had  not  yet  made  their  appear- 
anoe  (7,2  per  cent,);  among  these  were  5  girls  over  17  years  of  age 
and  9  younger  individuals.  Altogether  menstrual  anomalies  were  pres- 
ent in  42  p^r  cent,  of  the  cases.  This  [percentage  is  quite  considerable, 
but  it  is  considenil>ly  less  than  that  of  Hayem, 

Stieda  *  informs  us  that  of  his  23  cblorotics,  only  7  had  menstruated 
regularly ;  their  periods  were  scanty.  One  patient,  nineteen  yejirs  of 
age,  had  not  yet  menstruated ;  in  2  individuals,  menstruation  had  ex- 
isted for  a  short  time  and  then  ceased  entirely.  The  remainder  had 
menstruated  irregularly,  Z  of  these  scantily,  and  4  profusely.  The 
patients  with  profuse  bleeding  also  had  endometritis,  so  that  the  latter 
afieetion  was  more  responsible  for  the  menorrhagia  than  was  the  chlo- 
rosis. Disregarding  these  particular  cases,  the  menstrual  process,  as  a 
role,  seemed  to  be  impairi?d. 

The  authors'  own  statist icng  are  based  upon  a  collection  of  215  cases  ; 

Of  215  chloroticSj  30  had  not  yet  menstruated  at  the  time  of  obser- 
vation (13.9  per  cent.).     Of  these 


1  patient  was  13  years  of  age, 
3  patients  were  1 4  years  of  age. 
6  o         15     «  u 

6  "         16     '^  *' 

3  «         17     «  a 


I  patient  was     1 8  years  of  age. 
4  patients  were  19     '^  ** 

3  "         20     "  " 

1  patient  was     21     "  " 

2  patients  were  24     "  ** 
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In  2G  other  cases  (12.1  per  e^ot),  the  chlorosis  had  likewise  broken 
out  before  the  first  appearance  of  menstruatioo  ;  these  patients  did  not 
come  under  observation,  however,  until  after  the  beginniDg  of  meDstnia- 
tioiii  usually  during  the  second  or  third  attack. 


The  first  menatniAtioti  ooeiured 
In  Uiew  cAses  at 

13  and  15  vears  of  age. 

14  "    15  "        ** 

15,  15,  16,  16,  17  years  of  age, 

16,  17,  17,  19  ** 

17,  17,  18,  18  •' 

18,  IB,  18,  1%  19        " 

19,  19,  20  ** 


Of  215  patients,  there  were  consequently  56  (26  per  cent»)  who  bad 
Dot  yet  menstruated  when  the  disease  began. 

In  30  patients  (13,9  percent,),  the  chlorosis  appeared  at  the  same 
time  or  immediately  after  the  first  menstruation.     Of  these  cases 
8  oommeooed  at  the  age  of  14  years. 


Number  of 
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In  129  patients  (60  ^ler  cent.),  there  was  a  longer  period  of  time 
between  the  first  menstruation  and  the  beginning  of  the  disease : 


NumlMjr  of  UmeB  menstruation  occurred. 
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Total     28        19        20 
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It  IS  also  interesting  to  note  the  number  of  cases  in  which  the  menses 

had  not  appeared  at  the  end  of  the  t^venteenth  year — f.  /•.,  the  extreme 
limit  of  what  might  still  l>e  designated  a.s  normal.  This  was  the  case 
in  59  (27.4  per  e^^nt.)  of  the  [latients  j  of  these  31  had  been  chlorotic 
before  the  first  niengtroation,  28  had  become  anemic  with  tlie  appearance 
of  the  menses  or  shortly  afterward. 


FECIAL  SYMPTOMATOLOQT. 


431 


There  are  statements  in  reference  to  the  amouDt  and  frequency  of 

the  nieostruation  in  173  of  the  authors^  clinical  records. 

In  oit  putiente  (34.1  per  cent.)  the  menseb  were  always  r^ular — i,  e,^ 
before  and  during  the  chlorosis. 

34  (19.6  per  cent.)  designated  the  menstmal  amount  as  moderate. 

15  (  8.7  "      )  **  ''  "  scanty. 

10  (  5.8         "      )         **  *'  "  profuse. 

In  49  patients  (28.3  per  cent.)  the  menses  were  always  irregular — 
t,  tf.,  before  and  during  the  chlorosis  : 

16  (  8.7  per  cent.)  designated  the  menstrual  amount  as  moderate. 

29  (16.3       *^        )         **  *'  perifxis  as  scanty,  s^jmethnes  small 

in  amount,  sometimes  of  too  infrequent  tK'currence. 
6  (  2,9  per  cent.)  designatetl   the  peri(xls    as   proiiise,   sumetimes 
large  in  amount,  sometimes  of  too  frequent  occurrence. 

In  65  patients  (37*5  per  cent.)  id  whom  menstruation  had  been 
more  or  less  regular,  the  process  changed  w^ith  the  appearance  of  the 
chlorosis. 

It  ceased  completely  in  44  patients  (25.4  per  cent). 

It  became  more  scanty  or  more  rare  in  17  patients  (10  per  cent). 

It  **  profuse         **    frequent  in  4  patients  (2.3  per  cent). 

Altogether,  there  was  an  impiurment  of  the  menstrual  process,  either 
before  or  witli  the  appearance  of  the  chIon>sis,  in  105  patients  (60.7 
per  cent,).  To  these  may  be  addc<i  the  56  ehlorotics  who  had  not  yet 
menstruated  when  the  disease  first  appeared.  If  we  compare  this  total 
of  161  with  the  entire  nuralx^r  of  ehlorotics  whose  clinical  histories 
mentioned  the  menstrual  condition  (215),  we  learn  that  77.2  per  cent 
of  the  patients  exhibited  an  impairment  of  the  menstrual  prficess. 

As  long  as  amenorrhea  exists  there  is  small  pcissibijity  of  conception, 

but  this  is  not  excluded.     I  have  only  recently  seen  2  cases  in  which 

impregnation  had  occurred  after  the  existence  of  chlorotic  amenorrhea 

for  sevend  months.     Chlon>sis  seems  to  render  impregnation  more  dif- 

ticult  not  only  during  the  amenorrhea,  but  throughout  the  entire  course 

of  the  disease. 

LEUKORRHEA. 

Of  the  other  pathologic  phenomena  occurring  in  the  sexual  appar- 
atus, and  which  undoubtedly  hold  a  relation  to  chlorosis,  we  must  still 
mention  leukorrhea.  The  non-sanguineous  excretions  in  women  are  so 
frecpient  and  have  sucli  a  varied  etiology  that  it  is  quite  difficult  to 
pick  out  those  cases  in  which  chlorosis  c^n  be  regarded  as  the  only 
cause.  Of  250  ehlorotics,  no  less  than  55  (22  per  cent.)  had  the 
**  whites,"  either  temporarily  or  throughout  the  course  of  the  disease. 
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praotice  as  strongly  as  do  the  representative  medicul  practitionergt.  The 
Iw8t»  surest,  and  only  admissible  treatment  of  this  form  of  Itukorrliea 
id  the  dietetic,  hygieuic,  and  medical  treatment  of  the  chlorosis. 


THE  ORGANS  OF  SPECIAL  SENSE 
THE  EAR. 

The  milder  subjective  symptoms,  such  as  tinnitus  aurinm,  will  not 
be  discussetl  undiT  this  heiidiiig,  siiioe  tliey  have  already  been  nientiivued 
in  the  description  of  the  general  sympti>matology.  The  disturbariees 
are  usually  so  slight  that  they  are  disregartled  j  many  patients  fail  to 
recall  them  until  questioned  U[x>n  this  point.  Nevertheless,  there  are 
exceptional  casics  in  which  the  tinnitns  and  other  auditory  sen^mtions, 
or  even  auditory  hallueinationrt,  are  present  t**  an  extremely  disagret^-ble 
degree  and  greatly  annoy  the  patient,  lx)tb  by  their  severity  and  by 
their  obstinacy.  In  these  cases  it  is  impossible  to  find  any  impairment 
of  hearing  or  any  jiathologie  change  in  the  external  ur  internal  ear. 
Such  phenomena  are  simply  manifestations  of  disturbances  occurring 
eidusiveJy  in  the  nervous  apparatus.  It  has  been  attempted  to  make 
the  marked  and  continuous  ringing  in  the  ears  dependent  upon  the  mur- 
murs which  are  objectively  perceptible  in  the  internal  jugular  vein  or 
in  the  cerebral  sinuses.  This  is,  however,  out  of  the  question.  The 
author  has  frequently  heard  h)ud  murmurs  over  the  mastoid  prtx'css  and 
the  region  just  above  it,  when  there  were  absolutely  no  complaints  of 
subjective  auditory  symptoms  ;  and,  vice  versa,  these  objective  murmurs 
were  only  slightly  markeil  in  {>atients  who  had  pronounced  [lathologic 
auditory  phenomena.  The  two  oonditions  were  found  together  in  iso- 
lated cases  only. 

At  this  place,  we  will  refer  to  a  rare  case,  in  the  course  of  which 
the  power  of  auditory  perception  was  completely  lost  for  hours.  The 
firat  time  this  condition  was  observed  it  immediately  succeeded  an  attack 
of  imconsciousness  ;  when  the  patient  c^ime  to,  all  the  sensations  and 
Ainctions  returned  to  the  normal,  with  the  exception  of  hearing,  which 
was  absent  for  ten  hours.  The  condition  repeatedly  returned  without 
a  preceding  attack  of  unconsciousn^s. 

A  certain  parallel  usually  exists  l)etween  the  severity  of  the  disease 
in  general  and  the  subjective  auditory  phenomena ;  at  least,  it  may  be 
readily  perceived  in  individual  cases.  These  disturbances  completely 
disappear  with  the  cure  of  the  chlorobis.  Permanent  detrimental  results 
are  never  observed. 
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THE  EYE, 

OphtJialmic  gympt^ms  are  very  coraraon  in  chlorosis.'*  A  temporary 
flickering  before  the  eyes  and  black nes^s  of  vision  is  complainetl  of  in 
nearly  every  case  of  a  severe  type.  Oeular  {>aios,  either  spontaneous 
or  fol lowing  eye-strain,  are  likwise  rarely  absent.  The  one  or  the  others 
eymptom  may  be  the  more  markedj  and  the  oculist  is  the  first  to  dis- 
cover that  the  patient  is  guflering  from  chlorosis.  The  phenomena  of 
the  so-called  blackness  of  vision,  if  tbey  are  well-pronounced  id  an 
individual  c^ise,  are  pjirtieularly  important  and  alarming  to  the  pitient* 
The  attacks  follow  a  fainting  fit  or  paroxysms  of  fainting,  or  they  may 
appear  spontaneoosly.  Ordinarily  the  attack  is  of  but  short  duratioo, 
a  half  minute  or  several  minutes ;  in  other  instances  it  may  last  for 
hoLu*s. 

Not  long  since  the  following  rare  caae  oocsurred  in  the  authors' 
practice. 

The  patient  was  a  markedly  chlorotic  girl,  eighteen  years  of  age,  who 
was  attacked  by  total  blindness  whenever  she  wa§  constipated  and  strained 
during  defecation  ;  these  attacks  were  sometimes  easily  combated  by  the  dor- 
sal pjsitkm,  with  moderate  depression  of  tbe  head  and  elevation  of  the  lower 
extremities',  or  by  apjjlying  broad  bandages  about  the  limbs  in  order  to  force 
the  blood  upward.  When  these  measures  failed  the  bliudnes?:  lasted  from 
four  to  six  hours,  without  interruption,  and  then  gradually  disap|H5ared, 
Repeated  careful  examinations  of  the  eyes  revealed  a  marked  paleness  of 
the  retina,  pulsation  of  the  veins  and  arteries,  a  transparency  of  tbe  vessels^  I 
and  a  concentric  diminution  of  the  visual  field  for  all  colors. 

At  this  place  the  author  wishes  to  ex])ress  his  best  thanks  to  his  col- 
league, Dr.  Eversbusch,  of  Erlangen,  who  was  good  enough  to  work 
out  a  small  collection  of  the  ocular  disturbances  and  di,*ieases  which 
occur  in  chlorosis.  The  notes  he  so  kindly  furnishetl  are  published 
unchangeil  : 

*'The  ocular  diseases  fx-curring  in  chlorosis  are  usually  |)artly  orl 
wholly  due  to  the  state  of  weakness  cansed  by  the  underlying  disease. 
This  is  specially  true  of  the  weakness  of  accommodation,  which  is  prone 
to  occur  when  the  eyes  are  hypermetropic.  This  is  not  infrequeDtly 
combinctl  with  a  hyperesthesia,  in  c^onsetjuence  of  which  all  constant 
close  work  produces  asthenopic  symptoms.  The  complaints  of  bad 
vision  and  of  flickering  before  the  eyes  are  frequently  also  due  to  de 
creased  retinal  energy,  which  manifests  itself  as  asthenopia  retinal  is, 
hemeralopia,  or  as  a  concentric  diminution  of  the  visual  field. 

**  The  ocular  background  is  more  or  \^s  pale.  An  exact  decision 
in  this  respect  J  however,  is  more  or  less  difficult,  since  the  color  of  the 
optic  disc  and  of  the  chloroid  membrane  is  subject  to  great  phjsiologic 
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variatiODS.  Nevertheless,  there  are  cases  in  which  the  fiiodus  oeuli 
seems  unusually  pale.  The  most  striking  pheuonienon^  however,  ih  tlie 
transparency  of  the  i\*tiiml  vessels ;  where  two  vessels  cross,  the  con- 
tours of  the  one  may  be  distinctly  made  out  through  the  walls  of  the 
other — ^something  which  is  not  st^n  in  the  normal  eye.  Under  normal 
conditions,  moreover,  the  vascular  walls  are  not  visible,  while  in  chlo- 
rosis both  the  arteries  and  the  veins  of  the  retina  give  a  bright  reflex, 
sometimes  narrow  and  faintly  outlined,  sometimes  broader  and  more 
distinct.  Pulsation  is  observed  not  only  in  tlie  rcdniil  veins  in  their 
course  through  the  optic  disc  and  the  adjacent  p>rtions  of  the  retina, 
but  as  a  result  of  the  markal  diminution  of  blootl-pressure  the  retinal 
arteries  also  pulsate  spimtaneously,  and  there  is  a  more  or  less  distinct 
movement  in  their  peripheral  rami ti cations*  Sometimes,  strange  to  say, 
there  is  present  a  markcnl  degree  of  arterial  hyperemia,  so  that  the 
vessels  are  of  a  normal  red  color  and  the  total  cross-section  of  the 
arteries  in  the  optic  disc  seems  to  l>e  larger  than  normal.  Snch  condi- 
tions are  found  even  in  eyes  which  are  otherwise  prfectly  healthy. 

"Sometimes  there  is  observed  a  pronounced  neuritis  and  nenroreti- 
nitLs,  with  or  without  degenerative  changes  (more  or  less  numerous, 
irregular  hemorrhages  and  reddish-gray,  yellowish^ white  or  whitish 
spots  of  exudate),  and  these  may  be  so  distinct  that  the  ap[»eaniuee 
simulates  that  of  nephritic  nenroretinitis.  Growers  and  William  state 
that  they  always  found  a  milil  degree  of  hyjiemietmpia  in  their  patients. 
Since  a  slight  congestion  of  the  optic  disc  is  often  j)resent  in  siK'h  cases, 
it  is  quite  possible  that  this  might  intensify  the  neuritic  changes  caused 
by  the  condition  of  the  blood. 

"  Edema  of  the  lids  is  also  worthy  of  mention.  The  lower  lids  are 
particularly  aflected.  The  edema  may  disappear  spontaneously  with 
the  impmveraent  of  the  general  condition,  or  like  the  neuroretinitic 
change  rapid  disapjiearance  and  complete  reeovery  may  follow  the 
administration  of  iron. 

"  Scleritis,  which  is  not  uncommon  in  chlorotics,  is  a  much  more 
ious  affection,  Seroplastic  iridocyclitis  antl  exudative  (non-purulent) 
choroiditis,  whicli  are  characterized  l>y  photophobia  and  more  or  lesss 
marked  opacities  of  the  vitreous  humor,  may  sometimes  be,  at  least 
indirectly,  due  to  chlorosis.  They  are  worthy  of  particular  attention, 
since  they  may  cau^e  piTnianent  opacities  of  the  cornea  and  of  the  lens, 
gradnalJy  prmluce  blindness  as  a  result  of  a  detachment  of  the 
tioa. 

"FinaUy,  trigeminal  neuralgiai?,  particularly  of  the  supra-orbital 
branch,  may  be  eneountere^l  \u  chlorosis,  and  these  are  often  combined 
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with  vasomotor  symptoms  in  the  areas  supplied  by  the  dkea^^ 
nen-esp" 

In  conchiding,  the  author  will  give  a  short  series  of  statistics  from 
his  own  clinical  records.  Carefid  examinations  of  the  eyes,  mostly  under 
the  control  of  specialists,  were  made  iu  46  cases  of  chlorosis.  Disre- 
garding congenital  anomaiies  and  ocular  diseases  that  could  have  had 
nothing  to  do  with  chlorosis  there  was  found : 

A  normal  condition  in  22  patients. 

Unusiually  pale  retinsB  and  transparent  vessels  in  17  patieuts* 

Arterial  pulsation  uuti^ide  of  the  papillae  in  5  patients. 

Venoufi  pulsation  in  3  patients* 

Chomiditis  pigmentosa  in  1   patient. 

Difiuse  white  spots  in  the  vicinity  of  the  papill©  in  1  patient. 

Concentric  diminution  of  the  visual  field  in  7  patients. 

[Eiigleltardt  ^  reports  a  case  of  chlorosis  in  a  girl  of  eighteen,  in 
which  optic  neuritis  and  symptoms  suggestive  of  brain  tumor  developed* 
There  was  at  first  poor  vision,  dilated  and  non-reactive  pupUs,  swollen 
optic  papillae  surrounded  by  hemorrhages  and  white  streaks,  a  loss  of 
the  sense  of  smell,  and  weakness  and  iKiresthesia  of  the  right  hand  and 
arm.  Later  epileptiform  seizures  developed  ;  paresis  of  the  right  facial 
nerve,  increasing  weaknciss  and  anesthesia  of  the  right  arm  and  right 
Bide  of  the  body.  Loss  of  temj)e rat u re-sense  and  diminution  of  the 
sense  of  pain  came  on.  Finally  the  patient  die<I»  and  at  the  aut4>p8y 
no  lesion  of  the  brain  was  founds  hut  simply  evidences  of  general 
anemia  and  a  dry  condition  of  the  brain  substance. 

In  a  similar  conimunication  by  Neave*  is  recorded  a  case  of  chlo- 
rosis in  a  woman  of  thirty-one,  with  symptoms  strongly  suggestive  of 
cerebral  thrombosis,  but  the  patient  eventually  recovered. — Ed.] 

THE  SKIN. 

The  condition  of  the  skin  in  chlorosis  has  already  been  discussed. 
We  refer  to  the  section  uj>on  General  Symptomatology  and  to  the  descrip- 
tion of  the  ehlorotic  disturbances  of  the  circidatiun.  Nevertheless,  it 
may  be  well  to  briefly  review  what  has  previously  been  said. 

The  following  cutaneous  phenomena  are  observed  : 

1.  Anemia  of  the  Skin. — Apart  from  the  general  pallor  of  the 
skin  and  its  greenish-yellow  tinge  (see  page  363),  we  would  mention 
the  occurrence  of  angiosiiasms,  which  render  anemic  the  in<lividual 
peripheral  districts  (fingers,  hands,  feet,  leg,  tip  of  the  nose)  for  varying 

>  MimcL  Med.  Woeh,,  No.  36,  1900.  *  Xanoef,  July  28,  1900. 
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periods  of  time,  aod  which  are  usually  aceompaiiied  by  pAvesthesias^ 
by  byperesthebias,  or  l>y  actuaJ  pain  (see  pages  362  and  39S), 

2.  Hyperemia  of  the  Skin. — The  tendeuey  to  temporary  dila- 
ttODS  of  the  blood-vessels  is  in  marked  coDtrast  to  the  palenei>9  of  the 
skin*  These  fleeting  hyperemia.^  usually  aiieet  the  face  aud  the  up|}er 
port  of  the  chest.  The  frequency  of  their  rxturrence  varies  greatly 
with  the  individual  patient  (see  i^age  357).  In  many  chlorotie^  there 
is  a  permanent  hyperemia  of  the  skin  of  the  face ;  this  condition  is 
designiite<l  as  "  chlorosis  rubra/'  In  other  [witienti^,  the  hands,  and 
particularly  the  fingers,  are  the  seat  of  a  tt'nvponiry  or  of  a  permanent 
hyperemia.  Sometimes  there  is  marked  pain  in  addition  to  the  eonges- 
tion  of  the  skin  of  the  finger,  and  this  condition  is  known  as  cr)'thro- 
melalgia  (see  page  397). 

[Marked  flushing  of  the  skin  may  quickly  give  place  to  an  ashy 
pallor  under  excitement,  anxiety,  etc.  One  writer  has  referred  to  this 
variety  as  palpitation  in  the  capillary  cirenlation. — Ed»] 

3.  The  Secretion  of  Sweat. — In  chlonKsis  the  amount  of  per- 
spiration is  by  no  means  uniform.  In  the  majority  of  cades  anomalies 
are  not  to  be  observed.  The  secretion  is  frequently  diminished,  and, 
still  more  frequently,  increased.  Many  chlonitics  complain  t>f  sweating 
of  the  hands,  in  the  axilte,  and  between  the  breasts.  In  some  instances 
there  is  general  hyperhidrosis.  In  250  cases  of  chlorosis,  we  find  ex- 
cessive sweating  recordetl  9  times ;  in  5  cases  this  symptom  disappeared 
with  the  cure  of  the  disease. 

4.  Anomalies  of  the  Secretion  of  Pat, — Seborrhea  is  fre- 
quently found  in  chloroties* 

5*  Szndation. — Urticaria  is  more  common  in  chlorotics  than  in 
healtliy  young  girls.  In  6  of  the  250  clinical  ^H^o^dsJ  the  tendency  to 
urticaria  is  expressly  emphasizeth  In  addition  the  author  must  also 
mention  2  ca^es  in  which  nrticark  factitia  could  be  pnKluced  at  any 
time  during  the  height  of  the  chloroi^is  ;  this  was  impossible  after  the 
patients  recovered  from  the  disease.  The  occurrence  of  edema  has 
been  mentioned  on  page  402« 

6,  Chronic  eczenias  can  scarcely  be  brought  into  etiologic  rela- 
tion with  chlorosis.  Nevertheless,  if  they  are  pr^^ent,  they  are  depen- 
dent upon  the  disease  to  a  certain  extent,  since  they  grow  better  and 
worse  with  corresponding  variations  in  the  course  of  the  ehlorotic 
process. 

7.  Acne  simplex  is  a  very  frequent  complaint  and  brings  to  the 
dermatologist  many  chlorotics  who  scarcely  consider  their  other  symp- 
toms.    The  seat  of  predilection  is  the  face,  partieidarly  upon  the  fore- 


438 


CHLOROSIS, 


beiid,  though  it  also  occurs  upon  the  neck  and  shoulders.  Acne  indurata 
is  frfqaeutly  present.  In  this  case  the  acne  pustules  must  be  opened  ; 
while  in  simple  acne,  iron  and  arsenic  in  combination  witli  the  liygieaic 
and  dietetic  treatment  of  the  chlorosis  have  proved  themselves  to  be  the 
best  therapeutic  niciLsurcs, 

8.  Purpura  riteumatica  is  a  mre  complication  of  chlorosis. 
Cases  of  this  character  have  be<?u  repeatedly  observer!  by  our  colleague 
Dr,  Carl  Herxheimer;  they  rapidly  recovered  when  placed  upon  prepa- 
rations of  iron. 

9.  Pigmented  Hypertrophies  of  the  Skin  Resembling 
Chloasma. — ^These  sjwts  are  found  upon  the  forehead,  eyebrows, 
temples,  chwks,  n]iper  lip,  and  chin,  Thes*^  pigmentations  oome  and 
go;  when  present  they  are  xt^ry  resistant  to  treatment  and  only  gradu- 
ally disappi^ar  after  the  complete  cure  of  the  chlorosis. 

10.  Trophic  changes  in  the  nails  and  hair  (falling-out  of 
the  hair,  white  spot^^  in  the  nails,  brittleiiess  of  the  nails),  though  occa- 
sionally <ibserved  in  chlorosis,  are  much  rarer  than  in  other  forms  of 
severe  anemia. 

11.  ChilMalns  of  the  feet  must  also  be  mentioned  at  this  place 
(see  page  3l>7),  Fur  the  relief  of  this  annoying  and  painful  affection, 
the  authors  can  warmly  recommend  inunctions  of  an  ointment  of  calx 
chlorata — calx  chlorata  1  gni.  {gr.  xv),  ung.  panift\  lOgm.  (3ijs>) — together 
with  rubbing  and  massage. 

THE  NERVOUS  SYSTEM, 

The  mutual  relations  Iwtweeu  chlorosis  and  the  ner%^ous  system 
have  been  frequently  discussed  in  the  earlier  porti^ms  of  this  mono- 
graph. These  relations  are  reciproc^^il,  since  chlorosis  favors  the  out- 
break of  psychic  peculiarities,  general  necroses,  and  neuralgias  in  indi- 
viduals with  neunjputliic  tendencies ;  vice  versa,  a  diseased  nervous 
systcni  which  is  weiikeninl  in  certain  directions  will  allow  of  the  marked 
preiominance  of  individual  symptoms  of  chlorosis,  consequently  favoring 
the  impression  that  these  symptoms,  dependent  upon  the  nervous  sys- 
tem, arc  the  chief  trouble,  and  that  the  chh:)rosis  is  but  a  subsidiary 
affection.  While  admitting  this  and  recognizing  that  chlorosis  is  accom- 
panied by  many  symptoms  which  are  also  well-known  signs  of  a  neu* 
ropathic  predisposition,  some  authors  go  still  further,  claiming  that 
chlorosis  is  a  neurosis  and  that  all  its  individual  symptoms,  deficient 
blood-formation  includedj  are  immediately  dependent  upiiu  the  diseased 
ner\"ous  system*  This  theory,  which  has  already  been  repeatedly  men* 
tioned,  does  not  seem  to  be  worthy  of  a  serious  disouasion. 
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The  pisychic  condition  of  chlorotios  and  the  nervous  anomalies  In  the 
circulatory,  respiratory,  and  dig<^sti%*e  organs  have  been  fully  considered 
at  pages  361,  389,  397*  404,  and  406. 

It  will  be  i^utlieieut  to  review  briefly  the  raost  inip4>rtant  anomalies 
of  the  nervous  sys^teni  that  are  dependent  njKm  chlorosis,  or  that  are 
independent  affections  complicating  the  course  of  the  disease. 

1.  Psychoses p — It  has  been  repeatedly  pointed  out  that  chlorosis 
dlrainlshes  the  activity  of  the  mental  faculties  in  gen  end  and  jiro«  luces 
a  coDdition  of  irritable  weakness  similar  to  mild  neurasthenia.  The 
degree  in  which  the  w^eariness  and  irritability  are  present  varies  greatly 
and  de|>ends  upon  the  particular  disjwsition  of  the  patient,  A  parallel 
between  the  severity  of  the  anemia  and  the  severity  of  the  psychic 
alterations  is  not  to  be  observed*  More  exact  psychophysic  investiga- 
tions in  reference  to  the  degree  and  progress  of  these  disturbances  are 
as  yet  wanting. 

More  marked  conditions  of  exhaustion  may  proceed  from  these 
milder  disturbances,  particularly  in  the  form  of  acute  dementia ;  milder 
grades  may  occasionally  be  due  to  chlorosis ;  this  condition  much  more 
rarely  results  from  idiocy. 

In  youthful  individuals  who  are  predisposed  to  i>eriodic  insanity 
chlorosis  may  sometimes  be  res|>onsible  for  the  first  attacks,  which  are 
in  the  form  of  melancholia.  These  may  disapi>ear  completely  for  a 
time,  but  again  nmke  their  appearance  upon  certain  occasions  later  in 
life.  Since  this  mental  affection  is  usually  deijeudent  upon  consti- 
tutional predisjKJsition,  and  only  the  individual  attacks  are  due  to 
external  conditions,  opinions  are  naturally  divided  in  reference  to  the 
importance  of  the  influents  of  suc^h  exciting  causes.  Nevertheless,  it  can 
not  be  denied  that  a  pronounced  disturbance  of  nutrition,  such  as  that 
produced  by  chlomsis,  is  sometimes  of  importance  for  the  development 
of  the  first  attacks,  PericKiic  insanity,  a  mentid  disturbance  wliieh  is 
thorough  constitutional,  and  the  attacks  of  which  usually  have  a  definite 
inherited  character,  is  not  further  influenced  by  the  course  of  the  chlo- 
rosis ;  the  paroxysms  once  iiitnMluced,  pursue  an  indciK»ndent  course. 

The  acute  cumble  forms  of  mental  disturbance,  on  the  contrary,  are 
dependent  upon  the  course  of  the  chlorosis,  inasmuch  as  they  are  caused 
by  the  chlorosis  and  by  the  nutritive  anomalies  which  are  asstxiiated 
with  the  disease.  The  mental  affection  disappears  with  increasing  im- 
provement of  the  physical  condititnu 

2.  Hysteria  in  its  manifold  forms  is  by  far  the  most  frequent 
anomaly  of  the  nervous  system  which  is  encountert^d  in  chlorosis.  It 
is  difficult  to  formulate  an  accurate  opinion  upon  it^  occurrence,  since 
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ihe  conception  of  hysteria  is  so  largely  dependent  upon  the  individoal 
making  the  diagnosis,  and  since  it  is  also  iniitortant  to  consider  the 
locality  and  the  class  of  society  in  which  the  patient  is  found*  On  the 
whole,  almost  every  physician  has  the  impression  that  hysteric  symp- 
toms are  much  more  frecpient  in  clilorotic  tlian  non-chlorotic  women  of 
the  same  age  and  of  the  same  position  in  life.  These  hysteric  phe- 
nomena are  usually  unimjwrtant ;  we  may  even  be  in  doubt  as  to 
whether  the  anomalies  of  scnsiition,  of  the  disposition^  and  of  the  will 
are  to  be  regarded  as  the  re^^ults  of  hysteria  or  as  the  natural  conse- 
quences of  the  physical  discomfort  and  weakness. 

Hysteria  more  rarely  manifestos  itself  in  abnormalities  of  function 
of  individual  organs  or  of  circumscribed  portions  of  the  body.  The 
figures  given  below  can  naturally  make  no  claim  to  universal  applica- 
tion ^  since  they  were  largely  obtained  in  hospitals,  and  the  character  of 
the  material  under  observation  was  consequently  limited* 

Of  255  chlorotics,  30  had  pronounced  liysteric  symptoms  as  indi- 
cated in  the  table.     These  hysteric  symptoms  were  as  foUowe : 

HjBteric  mmlvKet^  of  the  estremideB.  ^ 6  timfla 

*^       laryngeal  paralyses  (aplionm)    .....*.*    S    ** 

**       iButism   >    .    . 2     " 

"       cotivulBtona    ........,..*....    6    ** 

"       catatonia T 1  time. 

^'       bemuinalgiefiia    * 7  tim0L 

"       circijtiiHcribed  analf^esia    ....*. 2    ** 

**       anesthesiii  of  tbe  phiirynt  .....»..,.  10    ** 

"       vaguH  ncuroem  ( v.  Noorden)  . 4    ** 

**       inNanity .,.*.....    1  time. 

•*      plobiw     ..................  12  times. 

dy^uria ...••.....    3    *' 

tarhycardia 20    *• 

lachvpnea •«....  13     ** 

vomitmg     . 9    " 

3.  Neuralgias* — By  true  neuralgias  we  do  not  mean  the  occasional 
occurrence  of  pain  in  this  or  that  set  of  nerves,  but  a  chronic  diseased 
condition  with  exacerhationSj  remissions,  and  pauses.  Such  true  neu- 
ralgias are  rare  in  chlorosis,  corresponding  to  the  infrequency  with  which 
such  neuralgias  are  encountered  in  individuals  of  ttie  same  age  as  chlo- 
rotic  patients.  They  may  constitute  a  purely  accidental  complication 
and  are  then  scarcely,  if  at  all,  influenced  by  the  course  of  the  chlorotic 
process.  In  other  instances  they  are  strikingly  dej)endent  upon  chlo- 
rosis J  they  come  and  go  with  the  disease  and  their  intensity  is  depend- 
ent  upon  its  variations.  They  react,  as  does  the  anemia,  to  the  admin- 
istration of  iron,  and  sometimes  stiU  better  when  the  iron  is  combined 
with  arsenic.  The  favorite  location  of  neuralgias  dependent  upon  chlo- 
rosis is  the  region  supplied  by  the  trigeminus,  particularly  by  the  oph* 
tbalmic  division. 
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The  following  statistics  will  show  the  frequency  of  the  neuralgias. 
Of  255  chlorotics  : 

Neuralgias  of  the  ophthalmic  diyision  of  the  fifth  nerve    . 3 

"  *'        inferior  maxillary  division  of  the  fifth  nerve 2 

^  ''        brachial  plexus 2 

Mastodjnia 2 

Sciatica 1 

4.  Chorea  minor  is  not  to  be  r^arded  as  a  neurosis  intimately 
associated  with  chlorosis,  but  it  manifests  itself  as  an  independent  com- 
plication. It  can  not  be  denied  that  chlorotics  show  a  certain  predis- 
position for  chorea ;  among  adult  females  with  chorea  there  are  many 
who  are  at  the  same  time  chloroUc.  The  tendency  of  chlorotics  to 
develop  chorea  in  hospitals  may  sometimes  be  very  distinctly  demon- 
strated. In  the  Second  Medical  Clinic  of  Berlin  the  author  has 
repeatedly  observed  how  chorea  spread  from  one  patient  to  several 
others,  showing  particular  preference  for  chlorotics.  We,  therefore, 
insisted  upon  placing  the  girls  with  St.  Vitus'  dance  as  far  as  possible 
from  their  chlorotic  companions  in  the  same  ward. 

[C.  W.  Burr  studied  the  blood  of  a  series  of  cases  of  chorea,  and 
found  that  anemia  and  chlorosis  are  much  less  frequent  and  pronounced 
than  is  usually  believed. — Ed.] 

Other  anomalies  of  the  nervous  system,  which  manifest  themselves 
in  various  portions  of  the  body,  will  be  found  discussed  in  other  sections. 

THE  STATE  OF  NUTRITION.    METABOLISM. 
THE  CONDITION  OF  THE  URINE. 

BODY-WEIGHT. 

According  to  the  statements  of  the  text-books,  chlorosis  does  not 
interfere  with  nutrition  in  general.  It  is,  of  course,  pointed  out  that 
the  disease  shows  a  particular  preference  for  individuals  whose  physical 
development  has  been  somewhat  retarded,  girls  with  thin  slender  bones 
and  with  a  deficient  development  of  the  muscles  and  of  the  adipose 
tissue.  Quite  independently  of  this,  the  additional  question  as  to  whether 
chlorosis  is  prejudicial  to  the  condition  of  nutrition  is  answered  in  the 
n^ative.  We  frequently  find  the  statement  that  chlorosis  is  accom- 
panied by  relaxation  and  deficiencies  of  the  musculature,  but  that  it 
fiivors  the  development  of  the  panniculus  adiposus.  These  statements 
are  explained  by  reference  to  some  of  the  older  investigations  upon 
metabolism  by  J.  Bauer,*"  Jiirgensen,'"  and  A.  Frankel,***  who  found 
that  experimental  anemias  caused  an  increase  of  albuminous  decomposi- 
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tion  (or  of  muscular  atrophy)  aiHl  a  diniirmtion  of  the  respiratory  ioter- 
change  of  giises  (or  a  diniinutioti  uf  the  metabolisra  of  the  fiits). 

We  have  nothing  to  add  to  the  general  opiDion  which  is  prevalent 
in  the  literature  ujmju  the  subject  Frora  our  own  observations,  which 
have  been  directtM:!  imrticularly  to  tbiy  jwjint,  it  can  not  be  said  that 
chlorosis  exercises  a  deleterious  influenw  upon  the  gi-neral  nutrition. 
It  h  true  that  many  chlorotics  are  seen,  in  hos?pitals  and  jn  private  prac- 
tice, who  not  only  have  been  originally  pt>orly  nourished  and  who  c<)n- 
tinue  to  be  .so  throughout  the  course  of  the  disease,  but  who,  though 
previously  well-developed,  suffer  from  loss  of  weight,  loss  of  fatty 
tissue,  and  relaxation  of  the  musc-les  during  the  ehlorotic  attack.  At 
least  one-hall*  of  the  jmtients  wlio  enter  hospitals  have  suffered  from 
such  more  or  less  pronounced  losses  ;  in  the  better  classes,  such  a  con- 
dition of  affairs  is  much  less  frequent. 

In  72  clinical  histories  we  fonnd  statements  in  reference  to  the  pre- 
vious condition  *€  the  general  nutrition  ; 

Among  these  29  had  retained  their  corpulence  and  body-weight  in 
spite  of  the  disease.  Of  these  13  were  treated  in  private  practice,  16 
were  in  hospitals. 

In  35  patients  there  was  a  decided  loss  in  corpulence  and  body- 
weight  during  the  disease  (6  from  private,  29  from  hospital  practice). 
In  8  patients  a  considerable  giun  in  weight  occurred  during  the  course 
of  the  disease  (6  from  private,  2  from  hospital  practice). 

[Houston  *  has  shown  that  the  fluctuations  in  weight  are  largely 
dependent  upon  the  degree  of  hydremia  of  the  blo^xl  and  tissues. — Ed.] 

The  clilorosis  is  less  res]>onsible  for  the  retrogression  of  the  nutritive 
processes  than  are  certain  subsidiary  circumstances — the  neglect  of 
treatment,  exhausting  occupations  when  the  capacity  for  work  is  dimin- 
ished^ and,  particularly,  frxid  that  is  not  adaptetl  to  the  diseased  oon- 
dition.  We  tmn  not  expect  ehlorotic  girls  t<*  do  themselves  justice  at 
the  family  table,  in  spite  of  their  many  annoying  symptoms,  which  are 
sometimes  constant  and  sometimes  of  a  most  variable  and  intermittent 
character.  If  the  neeessarj"  attention  is  not  j>aid  to  this  point,  as  is  so 
frequently  the  case  from  social,  pecuniary,  or  other  reasons,  the  chlorotics 
do  not  receive  sufficient  nourishment  and  consequently  lose  in  weight. 
The  rapid  improvement  canseil  by  suitable  foofl  shows  that  this  emacia- 
tion is  the  result  of  unfavorable  external  conditions,  and  not  of  the  dis- 
ease. If  the  fixwl  is  of  the  proper  quality  and  given  at  appropriate 
intervals,  with  regard  for  the  demands  of  the  diseased  organism,  the 
amount  need  not  be  excessively  increased  nor  must  it  necessarily  con- 
*  Brit.  Med.  Jour.,  June  14,  1902, 
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tain  an  increased  number  of  mitritive  uniis  (calories),  in  order  to  rapidly 
cause  an  impnivenient  hi  the  budy- weight. 

In  75  clinical  hi.storie??  (not  picke<l  cases)  from  the  Second  Medical 
Clinic  of  Berlin,   we  found  the  following  statements  in  reference   to 
changes  in  the  body-weight  within  the  two  or  fonr  weeks  of  treatment : 
The  weekly  increase  of  weight  was 

0.2-0.5  kg.  (0.44- LI  pounds)  in  15  |iatients. 
0.5- LO  «    (  1.1-2.2      "      )  **  29         ** 
LO-r.5  «     (  2.2-3.3      "      )  **  17         '' 
1.5-2.0  **     (  3.3-4.4      "      )  *'     7         « 
2.0-2.5  "     (  4.4-5.5      "      )  *'    2         « 
2.5-3.0  **     {  5.5-6.6       «      )  **    3         '' 
Id  2  instances  there  was  a  decrease  of  body-weight. 
We  will   retnrn  to  the  condition  of  nutrition   in   general  after  the 
consideration  of  the  iovestigations  in  reference  to  the  interchange  of 
gEses  and  the  metabolism  of  the  albumins. 

THE  RBSPIRATORY  INTERCHANGE  OF  GASES. 
There  was  formerly  a  universal  sup|x>sition,  based  upon  the  experi- 
ments of  J,  Bauer/**  that  anemia  decreases  the  absorption  of  oxygen 
and  the  production  of  carbonic  acid ;  in  other  words,  the  entire  meta- 
bolic process.  Accurately  ppeakin^^  this  theory  is  applicable  only  to  the 
acute  anemias  of  animals  (after  venesection),  but  it  hiis  been  readily 
transferred  to  all  clinical  forms  of  anemia.  In  the  meantime,  the  fault* 
less  investigations  of  Giirber  ^**  have  demonstrated  the  untenaljleness  of 
the  former  eonception.  The  process  of  combustion  remains  normal  not 
only  imme+liately  nfter  prolonged  bleedings,  but  permanently  sa^L  *^,, 
until  the  previous  hemoglobin  percentage  has  been  reestablished-  There 
was,  if  anything,  a  slight  increase^  rather  than  a  tleorease,  of  the  com- 
bustion of  oxygen.  We  lay  no  special  value  upon  animal  experimenta- 
tion when  it  is  utilized  to  explain  the  symptoms  of  chronic  disease. 
Much  more  important  are  the  exact  determinations  of  the  respiratory 
interchange  of  gases  in  chlorotic  individuals. 

.„.i.n,                                                 O  consumed  j>*^r  CO*  ^t{m1I)Ated  per  Rcftplmtory 

""*""'^'                                              kilo  per  mlBuie.  kilo  per  minute.  quoUent. 
F.  KTftus*»: 

Obeerration  1 5*110  c.c  3.700  c.c  0.722 

**             2 5,480  "  4.0O0  "  0.727 

"             3 5.710  "  4.250   **  0.742 

Boliland»»*: 

Obeervation  I     .......    4.620  "  4,200   "  0.910 

«             c,  i  in  the  beginning  5.308  **  5.007  **  0.940 

"-  \  later  .....    3.056  '^  2.86t>  "  0.940 

The  experiments   were  carricxl  out  according  to  the   procedure  of 

Geppert  and  Zuntz^  which  has  proved  itsell'  to  be  of  great  value  in  the 
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solution  of  important  clinical  and  physiologic  questions.  In  order  to 
appreciate  thene  t^iblas  we  mui^t  I>e  familiar  with  the  normal  figtires.  In 
healthy  individuals  of  moderate  weight,  who  are  fasting  and  at  rest^ — 
i,  €.,  under  the  mnie  conditions  as  existed  during  the  above-quoted 
experiments — we  iind  the  following  values  : 

O  consumed  3,5^.5  c.c.  per  kilo  per  minute. 
COj  eliminated  2.5-3.5 "  «  **  **  " 
In  these  exi>eriments  the  deciding  w^eight  is  alw^ays  to  be  placed  upon 
the  consumption  of  oxygen,  since  the  elimination  of  the  CO^  product 
is  not  always  uniform ^  and  the  normal  respiratory  quotient  is  oonse- 
quently  subject  to  considerable  variations.  In  complete  contradiction 
of  the  previous  view\s,  we  consc^juently  find  that  the  respirator}'  inter- 
change of  gases  in  chlorosis  is  rather  increased  than  diminished.  In- 
vestigations in  other  anemias  gave  the  same  result  (pernicious  anemia^ 
leukemia,  secondary  anemia  of  carcinoma,  anchylostoma  anemia)  a 
slight  increase  of  all  the  processess  of  oxidation,  consequently,  seems  to 
regularly  accompany  all  anemic  conditions.  We  would  explain  this  by 
recalling  the  fact  that  the  anemic  quality  of  the,  blood  increases  the 
work  of  the  heart  and  of  the  respimtorv^  apparatus.  The  experiment*^, 
however,  are  not  sufficient  to  determine  w*hether  the  increased  work  of 
the  heart  and  of  the  respiratory  muscles  are  of  themselves  sufficient  to 
explain  the  increase  of  the  respiratory  interchange  of  gases.  In  chlo- 
rosis there  are  still  other  factors  to  which  attention  must  be  devoted. 
Chlorotlcs  not  infrequently  have  an  enlarged  thyroid  gland  and  present 
other  symptoms  w^hich  remind  us  of  rudimentary  Basedow^s  disease. 
Now,  we  know  that  in  artificial  thyroidism  (administration  of  thyroid 
gland)  and  in  natural  thyroidism  (Basedow's  disease)  the  processes  of 
oxidation  are  increased.  Btill,  further  investigation  is  necessary  in  thia 
fniitful  field  of  labor  to  determine  wdiether  the  thyn^id  gland  has  not  an 
influence  upon  the  increase  of  the  processes  of  oxidation  in  chlorosis. 


THl  METABOLISM  OF  THE  ALBUMINS. 

Like  the  views  in  reference  to  the  respirator)^  interchange  of  gases, 
the  theories  of  the  metabolism  of  the  albumins  were  for  a  long  time 
dominated  by  the  results  of  animal  exjjerimentation.  The  first,  and  up 
to  this  time  the  only,  experiment  which  attempted  to  solve  this  question 
at  the  bedside  was  made  by  Lipman-Wulf '*  under  the  authors'  direction. 

Cam  L  Ella  B.,  seventeen  years  of  age;  weight,  43.  kg,  (94  lb.). 
At  the  time  of  the  experiment  the  blcx>d  contained  2,500,000  red  blood-cor- 
puseles  to  the  c.mnu  The  dried  residue  of  the  blood  amounted  to  15.35 
per  cenLy  which  corresponded  to  about  6  per  cent  of  hemoglobin. 
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Case  2.  Alma  L.,  seventeen  years  of  age ;  weight,  60  to  61  kg.  (132- 
134  lb.).     The  dried  residue  of  the  blood  amounted  to  15.1  per  cent 

Case  S.  Bertha  L.,  twenty  years  of  age ;  weight,  60^  to  62  kg.  (133- 
136.4  lb.).  The  blood  contained  3,750,000  red  blood^liscs  and  8000  leuko- 
cytes to  the  c.mm.  The  dried  residue  of  the  blood  was  13.1  per  cent,  cor- 
responding to  4.5  to  5  per  cent  of  hemoglobin. 


Food  daily  Ingested. 

Calories 
per  kg. 

DaUy 

elimination 

of  N. 

Duration 

of 

experiment 

Nitrogenous 

Cm. 

N. 

Fat. 

Carbo- 
hydrate!. 

balance  for 

the  entire 

experiment 

1 
2 
3 

12.90  gm. 
13.06   " 
12.78   " 

86  gm. 
98    " 
94    " 

204  gm. 
260    " 
240    " 

about  38.0 
"     37.0 
"     37.6 

12.8  gm. 
12.7    " 
12.7    « 

7  days. 

7     ^* 
6     " 

0.403  gm. 
2.597    " 
0.474    « 

From  the  figures  of  the  table,  we  would  claim  that  there  is  a  nitro- 
genous equilibrium  upon  the  ingestion  of  albumins  and  an  average 
diet ;  the  metabolism  of  the  albumins  was  entirely  normal.  We  r^ard 
the  question  of  the  metabolism  of  the  albumins  in  the  ordinary  cases 
of  severe  chlorosis  as  solved  by  these  observations,  the  smallest  details 
of  which  were  accurately  carried  out  and  free  from  every  possible  objec- 
tion, but  think  that  the  investigation  should  be  further  extended  to 
those  cases  which  present,  in  addition,  the  symptoms  of  Basedow's  dis- 
ease. The  absence  of  every  pathologic  decomposition  of  the  albumins 
in  our  cases  would  theoretically  indicate  that  destructive  toxic  effects 
upon  the  protoplasm  of  the  patients  play  no  r6le  in  the  disease.  We 
mention  this,  since  many  authors  trace  chlorosis  to  an  enterogenic  intox- 
ication. 

In  addition  to  the  investigations  of  Lipman-Wulf,  Schiicking  has 
also  experimented  upon  the  subject  of  metabolism ;  unfortunately,  this 
work  was  unknown  to  us  at  the  time  of  Lipman-Wuirs  publication. 
The  experiment  of  Schiicking  ^•^^  does  not  positively  show  that  the 
metabolism  of  the  albumins  was  normal  in  his  patient. 


THE  GENERAL  NUTRITIVE  CONDITION. 

We  have  seen  that  many  chlorotics  emaciate  during  the  course  of 
the  disease,  and  have  traced  this  to  unfavorable  conditions  of  the  diet. 
We  have  also  agreeil  with  the  statements  of  other  authors  that  some 
chlorotics  become  stouter  and  gain  in  weight  during  the  course  of  the 
disease.  What  is  the  explanation  ?  If  the  patients  gain  in  weight  the 
nutritive  supply  must  he  greater  than  the  demand — the  gain  in  potential 
energy  is  greater  than  the  output  of  actual  force  (work  and  heat). 
Which  factor  is  responsible  for  the  disturbance  of  the  condition  of 
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equilibrium  in  these  cases?  In  most  cases  the  cauge  is  to  be  found  in 
both  factors. 

In  considering  the  ontputj  the  diminution  of  the  energy  of  oxida- 
tion can  no  longer  be  considered  ;  under  the  same  external  conditions 
chluroties  consume  jiiint  as  much  material  as  do  healthy  individuals  (see 
p.  444),  The  causes  mu.st  Ije  sought  eJsewhere.  The  majority  of  the 
chlorotics  who  gain  markedly  in  weight  during  the  course  of  the  dis- 
ease, particularly  in  the  independent  classes,  do  not  exjiend  a  great  deal 
of  muscular  energy.  They  sleep  late,  rest  frequently  dnring  the  day, 
and  limit  their  movements  on  account  of  the  ready  appearancse  of 
fatigue,  go  that  they  perform  a  smaller  amount  of  work  than  do  dieir 
fellow^s  of  the  Fame  age  under  similar  conditions  of  life.  To  this  is 
added  a  diminished  radiation  of  heat  from  the  surface  of  the  body* 
The  skin  of  chlorotics  is  anemic  to  a  marked  degree ;  the  cutaneous 
vessels  are  of  small  caliber,  and  the  patients  are  consequently  subject 
to  sensations  of  chilliness,  which  may  be  increased  to  icy  coldness  if 
there  is  added  a  spasmodic  contraction  of  the  cutaneous  capillaries. 
The  chlorotics,  chilling  easily,  like  to  clothe  thcmselv^  warmly  and 
c^iutiously  avoid  exposing  themselves  to  aM.  They  volimtarily  limit 
the  radiation  of  heat,  and  the  cutaneous  cells,  consequently,  do  a  less 
amount  of  work.  In  order  to  avoid  being  misunderstood,  tiie  author 
must  again  point  out  that  when  external  conditions  are  exactly  the  same 
no  difference  cim  be  found  in  the  combustion  of  material  in  healthy  and 
in  chlorotic  individuals  (same  combustion  of  O,  see  above).  Chlorotics, 
however,  voluntarily  tmd  involuntarily  produce  different  external  condi- 
tions, and  their  total  production  of  heat  and  of  living  enei^  is  less  than 
the  average. 

Let  us  now  consider  the  other  factor  in  the  question — the  nutritive 
supply.  If  we  carefully  determine  what  these  imtients  who  take  on 
flesh  actually  eat,  and  calculate  the  caloric  value  of  the  food  ingested, 
we  always  obtain  nutritive  values  which  readily  explain  the  increase  in 
weight.  A  chlorotic  individual  who  subjects  herself  to  little  physical 
effort  refjuires  for  her  maintenance  a  diet  which  furnishes  only  about 
34  to  38  calories  \yev  day  per  kilogram  (2.2  lb.)*  In  those  chlorotics 
who  had  gained  weight  before  they  came  under  treatment,  and  who 
were  still  gtiining,  we  could  always  calculate  a  much  higher  calorio 
value  of  their  diet.  These  aises  wen*  usually  girls  in  well-to-do  fami* 
lies,  where  it  was  insisttnl  upon  that  the  chlorotics  should  drink  a  con* 
siderable  quantity  of  the  very  Inst  quality  of  milk.  This  is  a  feature 
of  the  present  time.  The  milk  cure  is,  indeed,  regarded  bs  a  universal 
remedy,  and  the  amount  often  consumed  is  astonishing.     If  we  reflect 
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that  1  L.  (1.056  f|t.)  of  go^td  rich  milk  has  a  nutritive  value  of  about 
(j40  calorit?i«,  and  further  consider  that  many  ohlorutics  drink  2  L. 
(2J12qt,)and  more  per  day  without  any  fwirtieular  medieal  advice, 
we  Bee  that  the  patient  received  about  1280  calorie?*  from  this  source 
alone,  A  girl  weighing  alwiut  55  kg.  (121  lb.)  dries  not  r€K|uire  raore 
than  2100  calories  at  most*  A  very  small  quantity  of  other  foc»d  needs 
to  be  ad<led  to  the  2  L»  of  milk  to  supply  the  remaining  800  ealorie^^^  and 
anything  beyond  this  must  result  in  the  gain  of  so  much  adijMjse  ti88Ue. 
From  our  investigations  we  must  assert  that  chlorotics  tend  to  8tore 
up  adipti&e  tissue,  l>ecause  they  try  to  limit  the  amount  of  work  j>er- 
formed  aod  the  heat  produced,  with  no  corresponding  diminution  of  the 
amount  of  fo^xl  ingested,  sometimes  even  increitsing  it  above  the  normal 
average.  This  well-known  phenomenon  is  consequently  due  to  the  work- 
ing of  a  very  simple  formula  and  the  subject  is  freed  of  all  mysticism. 


THE  METABOUSM  OF  HEMOGLOBIN  AND  OF  IRON, 
We  now  enter  u|>on  a  domain  which  ha^  been  rather  th*»roughly  ex- 
plored in  a  certain  direction  in  recent  years  and  in  w^hicb,  until  a  short 
time  ago,  the  gi-eatest  confusion  existed.  In  another  direction,  how- 
ever, there  has  been  almost  no  scientific  work.  We  may  expect  great 
results  from  its  thorough  investigation,  which  will  be  of  material  value 
in  formulating  a  correct  theory  as  well  as  in  the  prophylaxis  and  treat- 
ment of  the  disease. 

lo  the  chlorotic  process,  as  has  been  previously  stated,  the  hemo- 
globin percentage  falls,  and,  in  the  secimd  place,  there  is  also  a  decrease 
of  the  uuml)er  of  reel  bl<K>d«cclls.  How  are  the  oligochromemia  and 
the  oligocythemia  produt^  ?  They  may  naturally  be  assumed  to  occur 
in  three  ways  : 

1.  A  more  marked  destniction  of  hemoglobin,  or  of  the  corpuficles, 

2.  Diminished  formation. 

3.  A  combination  of  bntli  pnicesses. 

The  question  has  appeared  and  reap|)eared  ever  since  chlorosis  hafi 
had  a  literature.  Many  answers  have  been  given  ;  the  most  frequent 
one — fxirticularly  in  the  old<T  metliml  classics — was  that  t!ie  clucf  fault 
was  to  Iw?  fnund  in  the  formation  of  the  blo«Hl.  To  our  mind  it  seems 
of  little  purpose  to  detail  all  the  theories  and  hypotheses  that  have  had 
an  influence  in  answering  this  important  question.  We  nuist  lay  all 
theories  aside  and  consiiler  only  those  few  imints  that  are  firmly  estab- 
lished and  which  may  furnish  the  basis  of  further  investigation. 

Significance  of  Blood  Examinations. — In  the  present  state 
our  knowledge  the  condition  of  the  blood  csan  furnish  us  with  no  in- 
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dispii table  evidence.  The  isolated  occurrence  of  nucleated  blood-disGS 
(normoblasts  i^ee  p.  375)  would,  indeeil,  indiciite  attempts  at  regen- 
eration ;  if  anemia  develop,  in  spite  of  active  regeneration  of  the 
blood  J  tbe  destnictioo  of  the  blood  niu.st,  of  course,  be  abnormally  in- 
creased. As  a  matter  of  faet^  the  occurrence  of  normoblasts  has  been 
utilized  in  the  defence  of  that  theory  (Dunin  ^^)  whit^h  traces  the  ehlo- 
notic  quality  of  the  blood  to  increased  blood-destruction,  A  few  scat- 
tered noriuoblast«  ^lo  not  prove  that  a  general  regeucnitmn  of  the  blood 
is  in  active  pn)grei?s  in  all  of  tbe  blood-forming  organs;  this  regenera- 
tion may  be  active  in  certain  localities,  and  yet  the  process,  as  a  whole, 
may  he  far  below  the  normal.  In  the  second  place,  we  might  theo- 
retically utilize  the  fact  that  the  hemoglobin  is  decreased  much  more 
than  the  number  of  red  blmxl-corpuscles.  In  those  anemias  which  are 
undoubtedly  dcjiendent  upon  blood-destruction  (so-called  pernicious 
aneoiia»  secondary  anemias  from  infect  ions  and  intoxications)  we 
observe  a  much  greciter  decrease  of  the  number  of  corpuscles  than  of 
the  hemoglobin,  A  certain  antithesis,  at  least,  of  the  extremes — fresh 
cases  of  pure  chlorosis  and  of  pernicious  anemia — is  unmistakable. 
Further  investigation  is  necessary  before  we  can  decide  that  the  prin- 
cipal difference  of  the  anemic  processes  is  to  be  found  in  the  two 
extreme  types  of  bloixl. 

Losses  of  Blood,  — Another  method  for  the  solution  of  this  quGs* 
tton  is  offered  by  the  investigations  ujton  the  nietabilism  of  hemoglobin* 
The  work  of  H.  v.  Hasslin  ^^  marks  the  fiivst  advance  in  this  direction. 
His  first  idea  was  that  in  chlorosis  there  was  no  indication  of  an  in- 
creased destruction  of  the  corpuscles  within  the  blotxl- vessels,  but  that 
the  blood  showed  a  great  resemblance  to  that  resulting  from  external 
hemorrhages,  v.  Hosslin  correctly  lays  no  great  weight  upon  the  men- 
strual losses ;  they  are  common  to  all  w^omen,  and  as  long  as  they 
remain  within  normal  limits  they  can  not  be  made  responsible  for  the 
anemia ;  moreover,  anienorrheii  and  scanty  menses  are  much  more  fr^ 
quent  in  chlorosis  than  is  the  opposite  condition  of  affairs,  v.  Hosslin 
suspects  the  gastrointestinal  canal  of  being  the  site  of  the  losses  of 
blo<xl,  the^e  losses  proceeding  from  the  frequent  complication  of  chlo- 
rosis with  gastric  uh*er  and  other  gastric  affections.  By  examinatiun 
of  the  feces,  v.  Hosslin  found  the  following  amounts  of  iron  ; 

ATcra^  weight  per  mxa  of  dried  leeei. 
Iron.  m»n  a«  bemfttla. 

9  healtliT  ifirk OM  rog,  0,0260  n^. 

•A       '<        men 0.77    **  0.0430    « 

26chlamtica     .       0,47    "  00280    " 

11        ''  1.13    «  0.1676    " 

6        **  2.34    **  MS30    •* 
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Greater  weight  is  to  be  laid  upon  the  values  of  the  first  coluran  than 
u|xni  the  amoiiutj?  of  iron  appearing  as  heiuatin,  siuee  the  <|iiaiititive 
determination  of  the  latter  can  not  be  exactly  carried  out.  Tlje  figures 
seem  to  speak  for  the  supposition  of  v.  Hosslin  :  that  hemorrhages  into 
the  gastn>intestiiml  canal  of  chlorotics  are  frequent.  To  cooelude  that 
these  hemorrhages  are  the  cause  of  the  chlorotio  anemia  is,  howe%^er, 
quite  another  thing.  Quite  indejx*ndent  of  the  accuracy  of  the  cun- 
clusiou^  we  can  not  regard  as  established  his  most  important  pn?mise, 
tlje  increaseil  amount  of  fetal  iron.  The  deteruiinatron  of  tlie  amount 
of  iron  in  the  driei!  fetit^s  is  by  no  means  sufficient  lor  this  purpose  ;  the 
only  reliable  guide  is  tlie  amount  daily  excreted,  an  accurate  control 
being  kept  upon  the  food  ingestetl.  Such  investigations  have  not  as 
yet  ht^n  made.  We  must  consequently  regard  the  publications  of  v, 
Hosslin  more  a.s  a  welcome  stimulus  to  new  work  than  as  complete 
additions  to  the  pathology  of  chlorosis, 

Hydrobilimbin, — The  investigations  upon  the  excretion  of  the 
derivatives  of  hemoglobin,  which  arise  within  the  cells  of  the  hcKly, 
were  carried  somewhat  further.  The  liver  is  the  chief,  and  probably 
the  only,  place  in  the  body  where  the  hemoglobin  molecule  is  normally 
decomposed  :  the  colore*!  const  it uent^  the  hematin,  is  here  further  split 
up  into  iron,  on  the  one  hand^  and  liilirubin  on  the  other.  The  bili- 
rubin is  excreted.  The  iron  remains  partly  in  the  liver  and  partly  in 
other  organs,  probably  in  the  f(»rm  of  ferratin,  or  some  similar  combi* 
nation  J  to  be  used  later  for  the  purjK)se  of  blood- formation  ;  very  small 
quantities  gradually  find  their  way  through  the  intestinal  wall  and 
through  the  kidneys  and  apjiear  in  the  excretions*  In  determining  the 
metabolism  of  hemoglobin,  both  bilirubin  (non-ferruginous)  and  its 
derivatives,  as  well  us  the  iron  itself,  may  be  considered. 

The  formation  of  primary  biliary  pigments  and  the  excretion  of 
bilirubin  certainly  maintiiin  an  approximate  parallel  with  the  destruc- 
tion of  hemogh»bin  (Stadelmann  ^^)  \  unfortunately,  we  can  not  say  the 
same  of  the  bilirubin  derivatives  which  are  excreted  by  t!>e  intestine 
and  by  the  kidneys.  The  most  impr^rtant  derivative  and  the  one 
present  in  the  largest  quantity  is  hydrobilirubiu  (in  the  urine,  known 
as  urobilin).  Both  urine  and  feces  also  contiiin  otlier  substances  related 
to  the  biliary  pigments,  particularly  the  so-called  ehromogens  (urobilin- 
ogens). They  do  not  escape  the  quantitative  determination,  since  the 
preparatory  treatment  of  the  feces  and  urine  (heating  with  acids)  con- 
verts them  into  the  true  pigments,  Hematoporphyrin  is  also  a  deriva- 
tive of  hemoglobin  ;  with  the  exception  of  certain  diseases,  however,  it 
is  excreted  in  too  small  an  amount  to  be  taken  into  consideration. 
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Altlioiigh  the  determination  of  the  amount  of  urobilin — partly  in  the 
form  of  known,  partly  in  the  form  of  unknown  substances — allows  ot 
the  ei^eape  of  eertain  amount^s  of  bilinibin  derivatives,  and,  although  the 
urobilin  is  by  no  means  an  accurate  measure  of  the  metabolic  changes 
of  the  hemoglobin,  the  following  .stiitements  may  be  assumed  to  be 
correct. 

If  many  biliary  pigment  deri%^atives  and  their  congeners  (hemato- 
porphyrin)  are  found  in  the  urine  and  fecses,  there  is  a  great  destruction 
of  hemoglobin  ;  if  few  such  derivatives  are  present,  the  destmction  of 
hemoglobin  is  slight. 

Investigations  upon  this  subject  are  still  few^  in  number :  G.  Hoppe- 
Seyler***  found  an  average  of  0.123  gm.  of  hydrobilirubin  in  the  twenty- 
four  hours'  urine  of  healthy  individuals  ;  in  chlorosis  he  observed — 
0.03,  0.05,  0.124  gm.  A.  Garrod,^'^  who  examined  8  cases  of  cblo- 
rosis,  states  that,  as  a  rule,  the  urine  was  pale  and  poor  in  pigment ; 
the  urobilin  and  heniato porphyrin  were  never  increased.  In  5  cases  of 
severe  chlorosis  we  determined  the  amount  of  urobilin  in  the  urine 
(method  of  G.  Hoppe-Seyler,  w^ith  slight  modification)  ;  the  analyses 
were  raade  w^ith  the  mixed  urines  obtained  on  two  successive  days. 
The  daily  amounts  in  the  five  cases  were : 

1.  Imponderable  traces.  3.  0.012  gm, 

2,  "  «  4,  0.019  gm. 

o.  Imponderable  traces. 

In  the  first  and  third  cases  the  amoimt  of  hydrobilinibin  in  the 
feces  was  estimated  at  the  same  time.  The  feces  were  treated  with 
hydrochloric-acid  alcohol  and  kept  at  a  boiling-point  until  no  more 
pigment  wa.^  given  up ;  the  amount  of  hydrobilirubin  in  the  extract 
was  then  determined.  In  these  2  cases  there  were  21  and  29  mg.  of 
hydrobilirubin  respectively.  It  should  be  mentioned  for  comparison 
that  in  a  case  of  pernicious  anemia  the  urine  famishes  0.1 5S  gm.,  and 
the  feces  0.92  gm.  of  hydrobilirubin, 

Ahhougli  these  scanty  figures  do  not  allow  us  to  draw  any  far-reach- 
ing conclusions,  they  certainly  speak  against  the  assumption  that  chlo- 
rotic  anemia  is  due  to  the  increased  destruction  of  hemoglobin. 

The  Metabolism  of  Iron. — ^The  question  as  to  w^hether  the 
anemia  is  due  to  the  deficient  formation  of  hemoglobin  or  to  the  in- 
crease^l  destniction  of  hemoglobin,  finds  still  less  of  a  solution  from  the  in- 
vestigations upon  the  metabolism  of  iron,  v,  Hosslin's  one*sided  analyses 
of  the  feces  are  lacking  in  demonstrative  proof.  The  decision  must  be 
made  dependent  upon  exact  determinations  of  the  iron  ingeste^l  and 
the  iron  eliminated.     Such  exjieriments  are  most  trying  to  the  patience 
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of  the  investigator  aod  of  the  chlorotic.  It  is  Dot  sufficient  to  deter- 
mine the  balanoL'  of  iron  for  one  or  several  clays,  but  the  investigation 
must  be  carried  ont  for  longer  periotk  of  time.  Tlie  quantitative  rela- 
tions between  the  invn  ingested  and  the  iron  eliminated  are  complicated 
by  the  fact  that  eertaiu  amounts  of  iron,  b^jth  from  the  decomposing 
hemoglobin  as  well  as  from  ihe  fcKxl,  remain  iu  the  body  (liver,  spleen) 
to  be  gradually  eliminated  at  a  later  jjeriod.  In  hmg  periods  of  obser- 
vation this  ]>eculiarity  is  not  a  disturbing  factor ;  short  perimls,  how* 
ever,  are  incapable  of  furnishing  clear  protjf.  At  tlic  present  time  we 
know  of  no  investigations  upon  the  balance  of  iron  iu  chlorosis. 

We  must  ooDsef|uently  limit  ourselves  to  the  discussion  of  certain 
points  in  reference  to  tlie  metabolism  of  iron  which  are  partly  of  a 
historical  and  partly  of  a  practical  signiticauce  for  the  critical  study  of 
chlorosis.  It  h  n«>t  our  intention  to  discuss  the  "  iron  question*'  with 
all  its  details.  For  such  information  the  reader  is  referred  to  the  works 
of  Bunge^*^  (1889),  Robert^*  (1891),  v.  Noordcn^  {1893)/Bunge. 
Quincke'  (Congress  for  Internal  Medicine,  1895),  Quincke^*  (1895), 
and  Quineke-Hochhaus*'*  (1896). 

In  former  times  there  was  scarcely  a  doubt  that  the  iron  salts  were 
absorlied  from  the  intestinal  canal,  but  in  the  course  of  the  eighties 
sueh  absfjrption  was  actively  dcnieti  After  the  administnitiiin  oi'  iron, 
it  was  found  in  the  feces,  but  only  sparingly  or  not  at  all  in  the  urine 
(experiments  upon  man  and  animals).  On  the  other  band,  it  was  estab- 
lished that  certain  highly  constitnteti  ferruginous  combinations  in  the 
arlne  were  increaseil,  and,  consecpiently,  absorl)ed  from  Hie  intestinal 
canal.  This  was  first  observed  in  reference  to  Bunge*s  hematogen,  a 
nucleo-^albuniiu  containing  iron  ;  pn^ofs  were  fnniished  later  of  the 
absorption  of  Kobert's  hcmol  and  hemogallol,  substances  which  are 
obtained  by  the  action  of  reducing  agents  upon  the  hemoglobin  or  up>n 
the  blood,  and  which,  like  hematogen,  hr*ld  the  iron  in  such  str^ing  ot>m- 
bi nation  that  it  is  not  accessible  to  the  customary  reagents  (ammonium 
snip  hid,  potiissium  ferrocyanid).  At  the  close  of  the  eighties  it  w^aa 
believed  that  only  the  complicatetl  organic  combinations  of  iron,  such 
as  occur  in  vegetable  and  in  animal  sul)stances  (the  so-c^alled  forrnginous 
nucleo-albumins  and  the  proteids  containing  iron)  were  adapted  to 
absorption  from  the  intestine,  and  that  these  alone  could  be  employed 
for  the  construction  of  the  hemoglobin.  The  iDorganic  and  oi^ntc 
iron  salta,  as  well  as  all  the  organic  combinations  of  iron  in  which  the 
iron  was  but  loosely  combined,  wxre  said  by  many  to  be  incapable  of 
absorption  and  devoid  of  any  therapeutic  power.  The  representative 
pharmacologists  (Schmiedeberg,  Bunge,  Robert,  and  their  followers)  gave 
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out  statements  which  were  calculated  to  make  it  appear  as  though  the 
practising  physician  had  Ijeen  greatly  deceived  for  many  years  in  refer- 
ence to  the  theoretical  and  practical  significance  of  the  mm  therapy- 
It  can  lj€  well  understood  with  what  readiness,  not  to  say  enthusiasm, 
the  the<:iry  of  Bunge  was  received  by  physicians.  It  took  into  consid- 
eration Iwth  the  newer  teachings  of  the  pharniacH>logists  as  well  as  the 
practical  curative  results  of  the  adniini^tration  of  iron.  Bunge  believed 
that  the  ferruginous  nucleo-albumins  of  the  diet  were  usually  sufficient 
to  meet  the  demand  of  the  body  for  iron.  In  chlorosis,  however,  as  a 
result  of  a  diminished  gastric  secretion  of  hydrochloric  acid,  the  pro- 
cesses of  dei^om|MJ8itioo  were  increased,  giving  rise  to  mucli  HjS,  which 
separated  the  iron  from  the  nucleo-albumin  and  combined  with  it  to 
form  insoluble  sulpliid  of  iron.  If  these  patients  were  given  inorganic 
or  organic  salts  of  iron,  the  H^S  combintH:!  with  them  and  spared  the 
irou  of  tlie  uucliHi-albumins.  The  uuclco-albomins  were  then  absorbed 
unehaugeil  and  had  a  thenipeutic  eflFect,  The  theory  became  untenable 
when  it  was  found  that : 

1.  The  gastric  hydrochloric  acid,  as  a  role,  Ls  not  diminished  id 
chlorosis  (see  p.  41 8). 

2.  The  decomposition  of  the  albumins  in  the  intestine  is  only  excep- 
tionally increased  (see  Rethers/'^  and  p.  422). 

3.  Even  sulphid  of  iron  has  a  curative  influence  in  chlortwiis 
(R.  Stockman  =^), 

The  theory,  upon  which  Bunge  himself  lays  no  great  weight  at  the 
present  time,  i>ecanie  superfluous  when  proof  was  furnished  that  the 
inorganic  salts  of  iron  arc  actually  absorbetJ,  and  that  the  absoqition 
is  by  no  means  limited  to  the  ferruginous  nucleo-albumins. 

The  history  of  tlie  discovery  of  su(*h  proof  is  very  interesting.  It 
was  first  observed  that  iron  which  gained  access  to  tlie  circulation  (sulicu- 
taneous  injection)  was  either  not  e^ccreted  by  the  kidneys  at  all  or  at 
Ica^it  only  lu  traces,  but  that  it  accumulated  in  the  liver  and  iu  the 
spleen.  Both  organs  seem  to  attract  the  circulating  iron  as  though  tliey 
were  magneto  (Kr^bcrt)  ;  they  are  the  places  for  the  storage  of  su[K?r- 
fluous  iron.  From  these  places  the  iron  is  very  gradually  removed  at 
irngular  intervals,  and  the  greater  portion  is  eliminated  through  the 
feces  and  not  thnmgh  the  urine.  The  intestinal  wall  is  the  actual  site 
of  the  excretion  of  the  iron.  We  should  no  longer  wonder  when  we 
observe  that  the  amount  of  iron  in  the  urine  is  not  increased  after  the 
administration  of  this  substance.  It  is  evident  that  the  conclusion 
formerly  drawn  from  this  observation — that  the  salts  of  iron  are  not 
absorbed — was  both  hasty  and  unteBable. 
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Positive  proof  of  the  absorption  of  inm  was,  however,  still  wantiog. 
This  was  furnii^hcd  almoBt  i^imultaneoot^ly  by  the  investigations  of 
Gottlieb^  and  of  KimkeL^  Gottlieb  fed  dogs,  Kunkel  mice,  with 
iron  salts^  iiml  they  both  IVmnd  the  liver,  as  well  as  the  entire  body, 
much  richer  in  iron  than  was  the  case  in  the  control  animals^  who 
received  exactly  the  same  diet,  but  no  iron  sidts.  These  experiments 
(with  some  onimjiortant  ni(xliticutions)  were  repeated  by  Woltering*" 
aod  by  Cloetta,^  and  the  results  of  Gottlieb  and  of  Kunkel  were  coo- 
firmed.  In  the  meantime,  Macallura/**'  W,  S,  Hall,'"  J.  Gaule,=^*=^  and 
Hochhauia- Quincke  ^*  succeedtil  in  demonstrating,  by  means  of  micro- 
scopic specimens,  the  absorption  uf  iron  in  the  duodenum  and  its  pass- 
age through  the  intestinal  villi.  In  a  patient  with  an  intestinal  fistula, 
Honigmann  '^^  demonstrated  that  considerable  (|mmtitics  of  iron  could  be 
absorbed — of  0.4166  gm.  of  in^n  (in  the  form  of  ferrum  citricum  oxy- 
datnm)  0.3388  gm.  or  81.33  per  cent,  were  absorbetl  ^rithin  two  days. 

The  investigations  of  more  recent  years  have  bc*en  directed  nf>t  only 
to  metallic  iron  and  the  unstable  corabinations  of  the  metal,  but  other 
subetances  which  hold  the  iron  in  much  stronger  combination  and  which, 
partly  from  this  peculiarity  and  partly  frt>m  their  chemic  constitution, 
are  closely  related  to  the  ferruginous  nucleo-albumins,  have  also  been 
proved  to  be  cajiable  of  absorption.  Such  substances  are  hemol,  bemo- 
gallol,  carniferrin,  and  ferratin.  After  the  correct  experimental  tccbnic 
had  once  been  determined  (methods  of  Gottlieb,  Kunkel,  or  Quincke) 
and  the  main  question  had  been  decided,  it  became  of  subsidiar^^  im- 
portance whether  this  or  that  prepanitiou  is  absorbed  to  a  greater  or 
less  degree.  At  the  present  time  mercantile  considerations,  rather  than 
medical  science,  seem  to  arouse  intei'cst  in  the  solution  of  this  question. 

At  this  point  we  will  leave  the  iron  question,  but  we  will  take  it  up 
again,  in  order  to  show  its  practical  conclusions,  when  we  come  to  con- 
sider the  treatment  of  chlorosis. 


THE  CHARACTER  OF  THE  UR^sTE  IN  CHLOROSB. 

We  can  pass  over  a  number  of  subjects  relating  to  the  urine,  since 
tl\ey  have  been  disposed  of  in  some  of  the  preceding  sections.  The 
excretion  of  nitrogen  has  been  discussed.  In  the  face  of  the  results  of 
the  investigations  upon  metabolism  no  importance  can  be  attached  to 
the  frequently  quoted  conclusion  that  '*  in  chlorosis  the  excretion  of 
nitrogen  (urea)  is  diminished,"  since  this  conclusion  was  reached  with- 
out control  of  the  diet.  The  amount  of  urobilin  (see  p.  449)  and 
the  presence  of  the  aromatic  products  of  the  decomposition  of  the  albu- 
mins (see  p.  422)  have  also  been  considered. 


464 


CHLOROSIS. 


Bet  little  is  known  in  reference  to  the  individual  nitrogenous 
stances  and  tbeir  combinations.  ^^ 

Urea, — Vrjges  and  Friedrichsen,*'^  in  their  investigations  in  thl^^ 
author^s  clinic,  found  that  in  chlorotics  a  strikingly  large  proportion  of 
the  total  nitrogen  was  eliminated  in  the  fiirm  of  urea.  Normally  and 
with  a  mixed  diet  this  proportion  is  83  to  85  per  cent.  In  7  analys^ea 
the  above-mentioned  authors  encountered  these  normal  figures  but  twice ; 
in  tlie  other  eases  the  proportions  varied  between  87  and  93  per  cent. 
P*  Chatin/-"  who  carried  out  similar  ex jx^im en ts,  also  found  the  pn:>por- 
tiun  of  total  iiitrngjen  eliminated  ns  urea  to  l>e  between  83  and  86  per 
cent,  in  but  4  canes,  while  in  6  instances  the  values  obtained  were 
between  87  and  90  ])er  cent.  Since  similar  figures  have  also  been 
determined  in  other  diseases  which  do  not  resemble  chlorosis,  and  since 
we  have  no  clear  insight  into  the  cause  of  this  phenomenon,  we  will 
limit  ourselves  to  the  statement  of  the  fact.  There  are  many  objections 
to  be  urged  ag:iinst  the  conclusions  of  Chatin  and  Robin,  that  with  a 
low  percentage  of  total  nitrogen  eliminated  as  urea  the  oxidation  in  the 
body  is  diminished,  and  that  with  a  high  percentage  the  oxidation  is 
increase<L  These  objc^ctions  are  fully  stated  in  the  author's  text-book 
ui>on  the  Pathology  of  lletalxilism» 

Ammonia. — In  the  t^ses  of  Voges  and  Friedrichsen,  4.9  to  8.1 
per  cent,  of  the  nitrogen  in  the  urine  was  combined  as  ammonia.  This 
is  a  relatively  large  amount,  since  the  normal  figiii'es  are  2  to  'j  per 
cent,  when  the  individual  is  upon  the  i^ame  diet  as  that  received  by  the 
above  patients.  The  large  amounts  of  ammonia  serve  as  evidence  of  ft>IH 
more  pronounced  excretion  of  acids ;  the  nature  of  the  acitls,  in  these 
cases,  was  not  dctcrraiued. 

Uric  Acid, — Voges  and  Friedrichsen  found  rather  high  relative 
values  for  uric  acid.  It  constituted  1.2  to  3  per  cent,  of  the  total  nitro- 
gen, but  these  amoniits  are  still  within  normal  limits.  In  6  patients  the 
total  amounts  of  uric  acid  excreted  in  the  twenty-four  hours  were  0.51, 
0.35,  0.50,  0.54,  0.81,  0.84,  0.39,  0.51,  0.75  gm. ;  the  same  amounts 
are  also  found  in  the  twenty-four  hours*  urine  of  healthy  women. 
After  continuing  our  investigations  for  five  days  in  the  case  of  a  young 
girl  with  severe  chlorosis,  we  obtained  a  daily  average  of  0.65  gm.  of 
uric  acid  per  day  (nitrogenous  metabolism  per  day,  11  to  12  gm. ; 
amount  of  urine,  2000  to  2400  ex. ;  metho<:l  of  Ludwig-Salkowski). 
The  figurt^s  from  other  sources  are  few  in  numl>er.  Bartels  ^^  found  in 
ooc  chlorotic  girl  0.696  gm.  of  uric  acid  j>er  day,  in  a  second  ciLse,  0.2 
to  0.4  gm.  (method  of  Heintz).    W.  v.  Moraczewski,"*  who  determined 
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the  amount  of  uric  acid  by  Haycn^ft's  method^  records  tbe  following 


0. 11-0.68  gm.  (twice,  2,652  and  ^-201  gm,—  ?) 


daiJy  values : 

Case 

I. 

0.11-0.68 

11. 

0.21-0.68 

III. 

0.12-0-54 

IV. 

0.-10-0.69 

V. 

0.20-0.49 

VI. 

0.18-0.50 

VII. 

0.2<J-0.«2 

VIII. 

0.25-0.03 

IX. 

0.42-0.64 

X. 

0.28-0.78 

XI. 

0.25-0.78 

Creatinlii,— But  little  is  known  in  reference  to  the  other  nitrog- 
enous comf>onent*>  of  tbe  urine,  K.  B.  Hoimun^^^  fciund  0.539  to 
0.604  gm,  of  creatioin  in  the  twenty-fonr  hours'  urine.  These  quanti- 
ties are  somewhat  less  than  ntirrnal ;  this  might  have  been  dependent 
upon  a  limitation  of  the  meats  in  the  diet. 

The  Amount  of  Uritie.— The  statements  in  reference  to  the 
amount  of  urine  are  somewhat  at  variance.  Some  authors  say  that  the 
amount  is  decreased,  (*thei>i  designate  it  iis  normal,  and  a  few  have 
o<xa«iiona!ly  called  attention  to  increased  amounts  of  tbe  excretion 
(Loock,"^  Bartels/^*  Rethei^,^^  Luzet  % 

Our  own  experience  may  be  stilted  as  follows :  In  uncomplicated 
easei^f  in  which  the  amount  of  ingestf^d  fluid  is  left  to  the  discretion  of 
the  patient,  the  amount  of  urine  is  at  k»ast  normul  ;  very  fnxjuently  it 
is  increased.  The  color  of  the  urine  m  correspondingly  [lale  and  the 
specific  gravity  is  low.  Th,  Rethers/^  in  his  prev^iously  mentioned 
dissertation,  publi.sheil  a  large  number  of  cases,  in  which  |K»lyuria  wa^ 
present.  During  the  course  of  the  disease,  the  daily  excretion  of  urine 
is  not  uniform  in  amr>uot.  Disregarding  temporary  variations  depend- 
ent upon  changes  of  diet,  a  striking  increase  is  often  observed  when  the 
general  condition  comnjences  to  improve.  In  many  chlorotics  the 
amount  of  urine  is  relatively  (or  even  absolutely)  increased,  when  the 
amount  of  liquid  ing(?stetl  is  diminishe*!*  This  fact  proves  that  su[)er- 
fluous  water  has  collected  in  the  tissues  (see  p.  402).  In  other  chlo- 
rotics the  amount  remains  normal  or  there  are  alternate  periods  of 
polyuria  and  of  diminished  urinary  excretion.  Only  when  complica- 
tions were  present  have  we  seen  a  oimsiderable  and  permanent  deci-ease 
of  the  amount  of  urine  (less  than  1  L.),  the  specific  gravity  being  high 
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and  the  iirioe  concentrated.  Such  com  plications  were  edema,  venoui 
tliroraboi^is  with  lever,  and  refusal  of  the  juitient  to  eat.  The  same 
observation  was  also  made  in  a  number  of  very  severe  cases  of  tmcom- 
pliciiteil  chlorosis.  In  3  c^ase.s,  every  niejistrnation  was  ace<jm|>anietl  liy 
a  decreased  urinary  excretion  ;  after  the  menstrual  How  bad  cea.seil,  the 
amount  of  urine  was  correisi^ondingly  increased.  The  author  bus  accu* 
rate  notes  in  reference  to  1  of  these  cases : 

Before  menstruation  .     ,     .      1400-1600  c,c. 
During  **  ,     .     ,        500-750      <* 

'  On  the  following  5  days     .     1500,  2550,  3200,  3800,  1800  cj 

The  amount  then  fell  to  1300-1550,  and  remained  at  this  poiDt 
until  the  next  menstruation,  when  it  again  fell  to  600—800  c.c.,  and  was 
again  followed  by  a  jxist menstrual  polyuria.  No  edema  could  be  seen 
or  felt  duriug  the  course  of  the  menstruation^  but  during  the  first  men- 
stniation  the  body- weight  increiised  2200  gm,  and  during  the  second 
2450  gm.  With  the  cessation  of  the  menses  and  the  appearance  of  the 
polyuria,  the  b*x]y-weight  fell  mpidly  to  its  previous  amount.  During 
the  entire  nine  weeks  of  observation  the  diet  was  uniform  and  the  daily^^ 
amount  of  ingest^Ki  fluid  varied  between  1600  and  1800  c.c.  ^H 

Of  the  clinical  records  at  our  disposal,  we  could  utilize  159  for  the 
constniction  of  a  small  tiible.  We  have  reiH>rded  those  figures  which 
most  frequently  reeurre<L  Since  it  is  not  certain  that  the  entire  amount 
of  urine  was  always  obtained  and  measured,  the  figures  must  be  taken 
to  indicate  only  minimum  values ;  the  correct  values  are  probably 
somewhat  higher. 

in  15  cases  (  9.4  per  cent 

(26.4  " 

(H.5  " 

(  5,H  ** 

{  4A  '' 

(11.2  *' 

(115^3  '♦ 

(   6.9  •* 

a6  " 

2.5  " 

L9  ** 

Constittieilts  of  the  Ash- — No  investigation8  have  as  yet  been 
made  which  allow  of  a  deter min.it ion  f>f  the  variations  in  the  amount 
of  mineral  mibstance^.  A,  Robin '^^  iTcords  a  diminution  of  the  phos- 
phates^ but  no  weight  should  be  attached  to  such  a  statement,  since 
nothing  is  said  about  the  quantity  of  phosphates  in  the  food  ingested, 
W.  V,  Morac/X'wski  -'"^  hsa^  recently  .^tuflied  this  sulijeet  more  accurately. 
He  published  the  results  of  his  examinations  of  the  urines  of  1 1 
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of  chloroi^ii?.,  yet  he  8ays  nothing  of  the  quantity  of  food  ingei^ted  and 
nothing  of  the  amount  of  mineral  substances  contained  therein.  In 
spite  of  thiti,  the  author  draws  the  following  eonchisions  :  1.  During 
the  anemia,  the  excretion  of  the  chlorids  in  the  urine  is  ditniuished,  but 
the  excretion  returns  to  the  normal  during  the  recover)'  from  the  dis- 
ease. 2»  The  elimmation  of  calcium  phosphate  is  subject  to  the  some 
variations  as  is  the  elimination  of  chlorin.  3,  The  alkaline  phot^^phates 
are  increased  during  the  anemic  period,  but  this  ineretise  disappears 
with  recovery  from  the  disease.  We  regret  that  we  can  not  admit  the 
corre<'tnes8  of  these  condUxsions,  A  diminished  eliminati<in  of  eh  tori  d 
and  an  increased  elimination  of  phosphates,  which  Moraczewski  desig- 
nates as  characteristic  of  chlorosis,  can  only  be  determined  by  accurate 
comparative  observations  of  Uie  diet  upon  the  one  hand  and  of  the 
urine  and  feces  upon  the  other.  As  soon  as  we  deviate  from  this  prin- 
ciple we  open  the  door  for  endless  speculation, 

AlbtUtiiil* — This  is  onlinarily  found  in  ehlorotic  urine  only  in 
those  traces  which  are  common  to  all  urines,  and  which  are  difficult  of 
demonstration  w^ith  the  usual  reagents  (heat  test,  acetic  acid  and  potas- 
sium ferrffcyanid,  potassiomercuric  itxlid). 

Among  chlorotics,  however,  there  are  always  certain  individuals 
whose  urines  constantly  contain  a  certain  amount  of  albumin.  In  260 
chlorotics  this  was  observed  24  times  (9.2  per  cent,).  If  these  figures 
are  compared  with  those  obtained  by  the  study  of  albuminuria  in 
healthy  individuals  (v.  Leube,  v.  Noorden^  Senator),  it  will  be  found 
that  a  slight  albuminuria  is  certainly  not  more  frequent,  but  rather 
more  uncommon,  in  chlorotics  than  in  the  average  healthy  individual. 
The  microseoj]»e  fails  to  reveal  any  element!^  wliich  might  be  referred  to 
the  kidney  ;  usually  the  only  find  is  a  number  of  isr Jated  hyaline  c^sts 
such  as  are  also  present  in  the  albuminuria  of  healthy  individuals. 
The  frequency  of  this  slight  albuminuria  is  by  no  mejins  dependent 
Ufwjn  the  severity  uf  the  disease  ;  the  24  eases  above  nientifmttl  repre- 
sented alwiut  an  equal  number  of  both  the  milder  and  more  pronounced 
types  of  the  afifection*  It  is  to  be  particularly  emphasized  that  the 
albuminuria  is  id  so  indejiendent  of  the  edema  of  the  feet  (see  p.  402) 
and  of  the  accumulatitm  of  water  in  the  tissues  (see  p.  402).  In  these 
24  cjtses  of  album  in  una,  edema  of  the  feet  was  present  in  but  2  in- 
stances. In  17  of  the  24  patients  the  mild  albuminuria  persisted 
anchangeil  after  recovery  from  the  chlorosis. 

In  exceptional  cases  we  encounter  a  special  form  of  albuminuria 
which  we  must  describe  more  in  detail.  Among  the  cases  of  "  cyclic 
albuminuria,*'  or  of  "intermittent  albuminuria  in  young  pe<Jple,-'  which 
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were  first  described  i^iomltaneously  by  Pavy^^*  and  the  author,*^  tliere 
were  also  a  uumlxir  of  chlorotics  (see  the  cullectiotiij  of  Heubuer^-  and 
of  Osswald  ^)*  The  large  amount  of  work  that  has  been  devoted  to 
this  subject  in  recent  years  has  failed  to  find  the  cause  of  this  albumin- 
uria. The  albuminuria  is  observed  chiefly  in  half-grown  boys  and 
girls ;  it  occurs  only  during  certain  hours  of  the  day,  in  the  morniDg, 
for  example  ;  at  other  times,  particularly  after  prolonged  physical  rest, 
the  urine  is  free  from  albumin.  The  renmrkuble  observation  is  fre- 
quently made  that  the  largest  amount  of  the  albumin  is  precipitated  in 
the  cold  by  the  addition  of  acetic  acid;  this  would  indicate  nucleo- 
albumin.  Careful  microscopic  examination,  even  after  centrifugatioo, 
usually  demonstrates  the  absence  of  casts  or  other  nephrogenic  elements, 
although  a  hyaline  cast  may  occasionally  l)e  observed.  In  the  course 
of  ten  years  we  have  encountered  '^cyclic  albuminuria*'  in  but  3  cases 
of  chlorosis,  although  we  have  assiduously  sought  after  new  cases  since 
our  first  publication.  The  excretion  of  albumin^  which  was  limited  to 
certain  hours  of  the  day,  disapf^ieared  in  two  or  three  weeka,  while  the 
chlorosis  was  improving  upon  the  administration  of  arsenic ;  no  otJier 
therapeutic  measures  were  adopte<l,  but  tlie  mther  emaciated  patients 
were  encouraged  to  indulge  in  a  more  liberal  diet.  In  every  case,  the 
albuminous  urine  had  a  high  specific  gravity  {1020-1025)  and  was 
highly  colored  ;  the  non -albuminous  urine  was  clear  and  abundant  in 
quantity.  In  further  accord  with  the  previous  descriptions,  there  was 
an  entire  absence  of  casts  and  of  renal  cells  and  a  particular  almndance 
of  nucleo-albumin. 

In  1  case  the  urine  contained  considerable  quantities  of  other  albu- 
minous substances  in  addition  to  the  nucleo-albumin ;  in  the  other  2 
cases  only  traces  were  present.  The  first  urine  gave  the  following  re- 
actions :  Acetic  acid  caused  a  dense  clouding  which  increased  upon  pro- 
longed standing  ;  upon  the  following  day  the  bottom  of  the  beaker  was 
covered  with  a  tliin  layer  of  amorphous  substances  and  of  uric-acid 
crystals.  The  supernatant  fluid  was  perfectly  clear  and  was  scarcely 
clouded  by  the  addition  of  potassium  ferrocyanid*  The  precipitate  did 
not  completely  dissolve  when  treated  with  dilute  hydrochloric  acid  and 
pepsin  and  placed  in  the  incubating  oven  ;  the  solution  gave  a  beautiful 
biuret  reaction,  a  marked  precipitate  with  potassium  fem^yanid,  and 
with  other  reagents  for  albiimose.  After  the  albnminurii  had  onoe 
disappeared  it  never  returned,  as  was  shown  by  frequent  examinations 
of  the  urine,  which,  in  2  cases,  were  continued  for  months  and  years- 
All  three  girls  made  complete  recoveries.     The  clinical  symptoms  were 
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iich  that  DO  doubt  could  exist  as  to  the  tsorrectne^  of  the  diagoosis  of 
Mslilorosiij, 

With  the  exception  of  such  iufrequent  cases,  which  may  be  easily 
recognized  by  their  peculiaritias,  albuminuria  is  rare  in  uncomplii!ated 
cases  of  chlorosis,  Di-sea^ie^  of  the  kidneys  may  simulate  cidorosis 
upoD  superficial  exauiiuatiou  and  are  sometimes  confouiided  with  thia 
affection  {see  "  Diagnosis  ^'). 

Sugfar  is  never  present  in  cbl orotic  urine.  We  have  repeatedly 
trietl  to  produce  an  alimentary  glycosuria  by  the  administration  of  150 
gm.  (5  oz.)  of  grape  sugar,  but  in  only  1  instance  have  we  obtained  a 
positive  result.  Within  three  hours  after  the  ingestion  of  the  grape 
sugar,  0<7  gm.  (10  gr.)  of  ^w^dv  appeiired  in  the  urine.  In  this  case, 
however,  the  chlorosis  was  complicated  with  such  pronounced  symptoms 
of  Biisedow's  disease,  that  it  was  doubtful  whether  the  latter  affection 
was  not  the  main  ailment  of  the  patient.  Chatin  ^**  also  examined 
chlorotics  for  alimentary  glycosuria  ;  he  never  observed  that  sugar  was 
eliminated  in  the  urine» 

The  Toxicity  of  tlie  Urine. — For  the  sake  of  completeness, 
brief  mention  will  be  made  of  the  experiments  which  have  been  tried 
in  chlorotic  patients  for  the  purfjose  of  determining  the  toxicity  of  the 
urine.  The  investigators  empluyetl  the  methml  of  Ch.  Bouchard*^  and 
ietermined  the  so-called  urotoxic  coefficient.  The  method  is  as  follows  : 
'As  much  of  the  twenty-four  hours'  urine  of  the  patient  is  injected  into 
the  vein  of  the  ear  of  a  rabbit  as  i«  necessary  to  kill  the  aniniaL  If 
we  know  the  amount  of  urine  necessary  to  kill  the  animal,  the  amount 
of  the  twenty-four  hours'  urine,  the  weight  of  the  rabbit,  and  the  weight 
of  the  patient,  we  calculate  fii"st  how  many  cubic  centimeters  of  urine 
would  have  been  necessary  to  kill  a  rabbit  weighing  1  kg.  We  then 
calculate  from  this  how  many  kilograms  uf  rabbit  (/*  living  material ") 
tlie  entire  twenty-four  hours*  urine  would  have  been  able  to  kill.  This 
Dumber  indicates  how  much  pt>is(^n  is  produced  by  the  entire  organism 
or  by  a  certain  number  of  kilograms  of  the  human  individual.  We 
now  divide  the  kilograms  of  rabbit,  which  the  twent^^^-four  hours'  urine 
would  liavc  been  able  to  kill,  by  the  weight  of  the  individual,  and  the 
result  obtiiined  is  the  "  urotoxic  coefficient/'  Ac^^nling  to  Bouchard, 
the  average  in  health  is  0.464,  Piechini  and  Conti,^  who  deviated 
slightly  fn^m  Bi^ucliard's  method »  found  that  the  urot-oxie  coefficient 
was  larger  at  the  height  of  the  disease,  and  less  after  recovery.  In 
opposition  to  this»  P.  Chatin  ^**  states  that  the  production  of  poisonous 
substances  in  the  body  is  diminishetl  during  chlomsis  (diminution  of 
the  urotoxic  coefficient),     Chatin  thinks  that  the  Italian  investigators 
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did  not  ex>iTectly  intoqiret  their  results  and  that  their  figures,  like  hi^ 
owD,  indicate  a  diminution  in  the  production  of  poisonous  substances  in 
the  body. 

Four  years  ago^  we  first  had  the  opportunity  of  critically  studying 
Bouchard's  metliod  and,  from  then  until  the  present,  CDuld  never  con- 
vince oui'^elves  that  the  procedure  ful tilled  all  the  requirements  of  a 
scientific  experiment 


Um  TEMPERATURE  OF  THE  BODY, 

Chlorosis  is  generally  consideretl  to  be  an  afebrile  disease.  While 
this  is  true  in  the  great  majority  of  cases  we  can  not  hold  rigidly  to 
this  theoretic  dogma.  Disreganling  febrile  complications,  every  phy- 
sician who  regularly  takes  the  temperature  of  his  chlorotic  will  be  able 
to  reconl  cases  in  which  the  temperature  rose  tem|Kirarily  to  J^*^  to  J^ 
C.  (J^-1*^  F.),  and  sometimes  still  higher,  above  the  normal. 

One  of  the  most  careful  observers  of  temperature  in  disease,  C,  A. 
Wunderlich,*'^  first  pointed  out  that  chlorosis  is  occasionally  accompanied 
by  fever,  H.  Molli^re,^  Fr,  Leclerc,'^  and  Trazit,^^=^  subsequently 
directed  attention  to  the  fever  of  chlorotics,  Hayem  ^  also  increased 
the  statistics  by  some  valuable  observations,  and  Eichhorst  *  frequently 
met  with  slight  elevations  of  temperature  (37. 8-.3 8.3^  C.  =  100-100.9° 
F.)  without  demonstrable  cause*  It  gi>es  trithout  saying  that  all  of 
these  writers  carefully  excluded  every  complication  which  might  have 
pnxluced  fever. 

The  most  important  question  in  practice  is  whether  these  cases  of 
chlorosis  whicli  are  combined  vnth  tem|)orarv  or  permanent  elevations 
of  temperature  are  not  really  concealed  cases  of  tuberculosis  (pulmonary 
or  glandular).  Our  suspicions  should  always  be  directed  toward  this 
possibility,  but  it  would  be  prep>sterous  to  look  upon  a  simple  eleva- 
tion of  temperature  as  an  indication  that  the  case  was  not  one  of  pure 
chlorosis  and  that  some  com  plication,  probably  tuberculosis,  was  lurk- 
ing in  the  Imckground.  The  injection  of  tul>erculin  seems  to  us  to  be  an 
important  disignostic  aid  in  doubtful  cases.  We  have  frequently  ob- 
serve*! that  chlorotics  who  had  fever  showed  no  further  elevations  of 
temperature  after  they  had  received  3  to  5  mg.  of  tuberculin.  In  sucli 
oases  tuberculosis  can  be  excluded  with  a  fair  degree  of  certainty. 

We  are  ignorant  of  the  manner  of  origin  of  the  fever  of  ehloratics. 
It  should  be  remembered  that  elevations  of  temperature  also  occur  in 
all  other  diseases  of  the  blood. 

We  are  able  to  give  the  following  small  table  from  our  statistics. 
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Only  those  eases  are  iiicIikM  which  wert'  exiiniplerf  of  pure  chlorosLS. 
The  teruijcratures  were  nieuisuretl  io  the  axilla  : 

Id  140  cases  of  chlorosis  there  wei^  such  long-continued  tempera- 
ture records  and  .^uch  accurate  clinical  notes  tbit  all  complicating  causes 
of  fever  could  be  excluded.     Of  thet^e  1 40  ehlorotics 

73  (52.1  percent)  had  maxiaium  temperature  of  37.5**  C    (99.5**  F.). 

25(17.8      ♦*         )        "  "  "    37.7°  C.    (99.9°  F;|. 

5(3.S      "         )        "  **  **    38.0°C.  (KXU"  R), 

b{Xti      ''  *'  "  "    38.5<>a(lUl.3°  K). 

1  (  0.7      **        )        "  "  above  SH.o*'  C.  (IDLS**  K). 

In  most  cases  the  slight  elevatious  of  temperature  were  only  tem- 
porary and  observed  for  but  a  few  days;  in  the  lesser  uuniber,  they 
remained  for  longer  ix^riods  of  time, 

A  case  which  we  observed  in  private  practice  is  wortliy  of  particular 
attention*     It  is  not  included  in  the  above  table : 

The  patient  was  a  young  girl,  eighteen  years  of  age,  with  the  unmistak* 
able  signs  of  a  severe  chlorosis.  The  diagnosis  was  cortfiniied  by  the  course 
of  the  disease,  the  patieut  cunipletely  recovering  within  six  nioriths.  The 
teni{]>erature  curve  proceecled  with  the  nK)st  remarkable  variatioDs,  For 
periods  of  four  or  live  day  a  the  temj>erature  was  decidedly  febrile  (rectal 
temperatures,  morning  3l5-37.8°  C.  ^  H9.p5-100.r  F. ;  evening  38.3- 
38.8°  C\  --  lOO.y-102^  P.).  Then  would  follow  a  period  of  from  three  to 
seven  days,  during  which  the  temperature  wius  nortual.  8uch  j)eriods  inter- 
changed three  times  iu  soocession  and  then  the  body  tem|*erature  remainetl 
Dormab  while  the  general  condition  markedly  improved.  At  the  height  of 
the  disease  the  hemoglobin  sank  to  7  [>er  cent,  by  weight,  and  the  numlver 
of  red  blood-corpuscles  was  dimtnii^hed  to  3,800^000.  The  variations  of 
temperature  were  not  aceotnpanietl  l>y  auy  striking  changes  in  the  blood- 
The  spleen  was  moderately  enlarged.  At  the  height  of  the  disease  the 
general  physical  condition  seemed  to  be  decidedly  better  duriug  the  febrile 
periods  than  in  the  intervening  atcbrile  intervals. 

This  C4ise  recalls  the  tcm|>erature  curves  which  have  been  occasion- 
ally observtHl  in  so-calle^J  pseud oleuki?mia  and  in  pemiciou.s  anemLi 
and  which  have  beeti  described  as  chronic  relapsing  fever  (Ebsteiu,^ 
v.  Noorden  ^), 

COMPLICATIONS. 

Accidental  Complications. — In  ttie  course  of  a  disease,  such 

as  chloro.sis,  which  ba.s  impr(>vemcnt«s,  exac*erl>ations,  pauses,  and  re- 
lapses lasting  for  months  and  years,  a  great  opportunity  is  given  for 
oomplicatioD  with  other  diseases.  Chlorosis  even  favors  the  simultane- 
ous outbreak  of  other  affections — this  statement  being  fiarticularly  true 
of  the  acute  infectious  diseases.  A  still  more  striking  fact  is  that  chlo- 
fotics  are  greatly  endangered  by  all  infections.  Typhoid  fever,  pneu- 
monia^ influenza,  and  scarlet  fever  are  diseases  which  rarely  give  rise  to 
much  apprehension  when   they  attack  young  and   healthy  individuals ; 
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in  ehlorotics,  however,  the  ty|>e  of  the  dise^ise  is  much  more  ees'ere^ 
The  eerebml  febrile  symptoms  are  particularly  marked  and  the  patients 
soon  pass  into  the  stages  of  stupor  and  delirium.  This  i^  the  cause  of 
the  well-known  difficulty  of  nursing  and  feeding  yuch  patients;  afler  a 
few  febrile  days,  chloroties  are  frequently  in  a  condition  of  weakness 
that  other  [mtient*?  would  not  have  attained  after  a  febrile  pericMl  lasting 
two  or  three  times  as  long.  In  acute  articular  rheumatism,  to  which 
chlomtics  are  decidetlly  pretlispostxl,  we  have  observed  tliat  endocar- 
ditis or  pericarditis  almost  always  makes  its  appearance  and  that  an 
orgiinic  heart  lesion  remains  behind  in  most  cases.  This  recidls  the 
statement  of  Virchow,^  that  grave  diseases  of  the  endocardium  were 
rarely  absent  in  axses  of  pueri>eral  sepsis  in  ehlorotics. 

The  acute  and  chronic  infecrtious  diseiises,  as  well  as  the  numerous 
organic  affections,  are  only  accidental  complications  of  chlorosis.  We 
wouki  also  include  tuberculosis  in  this  category,  although  some  authors 
suppose  that  there  is  a  more  intimate  connection  between  tuberculosis 
and  chlorosis  (see  p.  405),  Bright' s  disease  is  deserving  of  no  more 
independeut  position,  and  it  would  only  lead  to  confusion  if  we  should 
assume  the  existence  of  an  intimate  relationship  between  the  tw^o  dis- 
eases from  a  few  common  symptoms  and  recognisie  the  mixed  form 
which  the  French  authors  have  described  as  "Chloro-B  right  ism."  We 
hav^e  previously  touched  upon  this  question  and  will  return  to  it  again 
in  the  section  upon  Diagnosis. 

There  is  also  a  series  of  diseases  or  of  symptom-complexes  which 
appear  rather  freqnently  in  chlorosis,  and  which  are  so  combined 
with  the  symptomatology  of  the  disease  that  they  can  no  longer  be 
designated  as  purely  accidental  cxim plications.  In  the  previous  sections 
this  variety  of  complication  has  been  sufficiently  considered. 

There  are  two  affections  which,  to  our  minds,  assume  an  interme- 
diate {position  between  the  purely  accidental  complications  and  those 
which  are  immediately  dependent  upon  the  dij^ease.  These  are  gastric 
ulcer  and  Basedow's  disease. 

Gastric  Ulcer, — ^The  t^^xt^bxiks  have  always  pointed  out  the 
connection  between  the  round  gastric  ulcer  and  chlorosis^  Unfor* 
tunately,  we  iK>ssess  no  extensive  statistics  in  reference  to  the  simulta- 
neous occurrence  of  the  two  diseases.  We  can  not  learn  much  from 
individual  series  of  statistics  from  this  anil  that  rliuic,  since  it  is  be- 
coming raoix?  and  more  evident  that  gjistric  ulcer  does  not  occur  with 
uniform  frequency  in  the  different  parts  of  the  country  and  in  the 
different  classes  of  society.  We  might  quote  Luzet,'  who  expressly 
states  that  the  frequent  complication  with  gastric  ulcer,  reported  by 
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German  authors,  is  not  observed  in  Fniuce.  We  were  iropresseil  ^dth 
the  rarity  of  gastric  ulcer  in  the  chlorotic^  treated  at  the  Charity,  in 
Berlin,  after  we  had  previously  learned,  as  assistant  in  the  Clinic  at 
Giessen^  to  look  upon  gastric  ulcer  as  a  ver\^  frequent  oomplication  of 
chlorosis.  Anuther  condition  making  a  critical  dti-ision  difficult  is  the 
fact  that  the  diagnosis  of  "gastric  ulcer ^*  is  Si>mt4imes  made  quite  arbi- 
trarily. Many  physicians  are  too  quick  to  diiignosc  gastric  ulcer ;  the 
natural  result  is  that  they  frequently  prescribe  a  series  of  dietetic  regu- 
lations for  their  chlorotic;^  with  tlyspeptic  symptoms,  and  the  patient  is 
harmed  more  tban  she  Ls  helloed.  We  would  state  our  own  exiK-rieuce 
as  follows  :  Among  the  girls  and  young  women  who  certainly  have  gastrio 
ulcer  there  is  always  a  relatively  large  number  of  chlorotics.  When 
we  reflect  upon  the  enormous  number  of  cblorotics,  however,  there  are 
but  few  who  simultaneously  present  absolute  signs  of  gastric  ulcer.  In 
our  last  36  cases  of  chlorosis,  mostly  of  a  severe  type,  we  were  able  to 
diagnose  a  gastric  ulc^er  definitely  in  but  1  instance  ;  in  a  se^-ond  case, 
the  presence  of  a  gastric  ulcer  could  only  be  suspected  with  a  iair  degree 
of  probability. 

Many  views  have  been  expresses!  as  to  the  causes  wdiich  assist  in 
the  formation  of  a  gastric  ulcer  in  chlorosis.  The  greatest  addition  to 
our  knowledge  upon  this  subject  was  made  by  the  brilliant  experiments 
of  Quincke"*  and  of  Dettwyler.''^  When  they  injured  the  gastric 
mucous  membrane  of  animals,  nipid  rc[>air  was  tlie  usual  result.  If 
the  animal  was  simultanecmsly  made  anemic  by  venesection,  the  repara- 
tive process  was  greatly  delayed  or  entirely  failed  to  make  its  appear- 
ance. If  this  knowledge  is  applied  to  the  human  individual  w^e  must 
assume  that,  with  the  existing  anemia  (or  chlorosis),  the  gastric  mucous 
membrane  is  more  sensitive  to  deleterious  thermal,  mechanical,  and 
chemic  influences  and  is  more  easily  injured  by  them  than  in  health. 
If  the  injury  has  once  taken  place,  the  anemic  quality  of  the  blood 
interferes  with  repair  and  an  ulcer  residts.  This  hypothesis  is  also 
supported  by  the  ol)servation  of  Riegel  '^  and  others,  that  l>oth  chlo- 
rosis and  gastric  ulcer  are  accompanied  by  hyperacidity  of  the  gastrio 
juice  (see  p.  418);  the  high  degree  of  acidity  constantly  injures  the 
base  of  the  ulctT  and  delays  repair. 

If  a  gastric  ulcer  is  present  the  treatment  must,  of  course,  be  chiefly 
directed  toward  this  affection.  Rest  in  bed  and  the  well-known  re- 
stricted diet  are  indicated.  Besides  this  the  administration  of  iron 
should  never  be  neglected,  since  the  improvement  of  the  chlorosis  is  of 
the  most  extreme  importance  for  the  rapid  en  re  of  the  ulcer.  Great 
caution  must  be  observed  in  the  administration  of  iron  by  mouth.     If 
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the  iron  is  given  in  greatly  diiotf**!  solutions,  we  can  not  oonoeive  why 
gii±5trie  ulcer  sliuuld  Ix^i  regardeil  as  a  contra-indieation  to  its  adminis- 
tration. The  much-feared  corrosive  action  of  iron  h  observed  only 
with  the  solutions  of  more  marked  concentration.  In  such  cases  we 
prefer  dihite  sohitions  of  terric  chlorid.  If  the  dilate  solutinns  of  the 
iron  siilt  should  not  Ix*  well  borne,  the  only  thing  left  is  the  subcutaneous 
injection  of  citrate  of  iron,  accordiog  to  the  suggestion  of  Quincke. 

Basedow's  Disease.-— The  rLlations  lx?tween  chh>rosis  and  Base- 
dow's disease  are  most  rcmarkalilc  and  still  unex plainer!.  It  has  long 
been  known  that  a  completely  dcveloi>ed  Basedow^s  disease  or  some  of 
its  well-known  features  are  of  frequent  occurrence  in  chlorosis.  This 
was  energetically  pointed  out  by  Wunderlich.^*  In  Germany  this  con- 
nection was  later  cidled  in  queMion  and  the  association  of  the  two  di^ 
eases  wtis  regarde^i  more  as  an  accidental  occurrence.  Such  were  the 
views  expressetl  by  Eulenburg*^  and  Immerraann,'  The  French  held 
much  more  rigidly  t<j  the  teacbing  that  chlorosis,  to  a  certain  extent, 
assisted  in  the  prwluction  of  BasedoVs  disease  (Teissier,^^  Hay  em,* 
Luzet  *).  Chvostek  '**  has  recently  directed  attention  to  this  i^toint  in  a 
most  meritorious  manner.  He  described  several  cases  of  chlorosis 
which  were  associated  with  distinct  symptoms  of  Basedow's  disease. 
On  the  whole,  the  |)uljlication8  are  scanty  and  rather  uncertain. 

It  is  far  &om  our  thoughts  to  claim  that  there  is  an  intimate  rela- 
tion between  the  two  diseases,  and  all  the  more  so,  because  we  are 
decidedly  of  the  opinion  that  Basedow*s  disease  is  a  peculiar  anomaly 
of  metabolism  dependent  upon  disease  of  the  thyroid  gland,  while  we 
would  trace  the  origin  of  chlurosis  to  other  organs  (sexual  apparatus 
and  bone^marn:»w)*  Both  of  these  affections  are  diseases  of  metabolism^ 
quite  different  in  their  nature,  which  are  frequently  found  associated 
with  each  other,  just  as  gout  and  diabetes,  or  diabetes  and  pathologic 
olx*sity  are  often  observed  in  the  same  individual. 

In  chlorotics  the  most  frequent  symptoms  of  Basedow's  disease  are 
enlargement  of  the  thyroid  gland  (the  *^  struma  chlorotica  "  of  some 
authors),  a  permanent  increase  of  the  pulse-rate,  hyperhidrosis,  and 
tremor.  Exophthalmos  is  more  rare,  although  it  is  occasionally 
observed. 

In  the  following  statistics  we  have  omitted  those  cases  in  which  only 
one  of  the  above-mentioned  symptomB  was  present.  Of  255  cases  of 
chlorosis 

7  cases  had  enlargement  of  the  thyroid  gland,  exophthalmos, 
accelerated  heart  action^  tremor,  hyperhidrosiS|  and  muscular 
unrest. 
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4  cases  had  eolargement  of  the  thjToid  gland,  tachycardia,  tremor, 
and  hyiierhidrosis. 

7  cases  bad  tachycardia,  tremor,  and  hyperMdroais. 

5  "       tachycardia  and  tremor. 

3  "        taehymwlia  and  hy|XThidro8is. 

3  ^^       enlargement  of  the  thyroid  gland  and  tachycardia. 

5  "a  vascular  enlargement  of  the  thyroid  gland  without 

concomitant  symptoms. 
Of  the  255  cases  it  will  be  seen  that  there  were  34  which  presented 
symptoms  of  Basedow's  disease.     These  symptoms  sometimes  persisted 
after  the  disappearance  of  the  cblonisis  and  sometimes  they  were  dis- 
tinctly developed  only  at  the  height  of  the  disease* 

We  must  record  1  case  in  particular.  It  was  one  of  the  rarest 
clinical  occurrences  that  we  have  ever  encountered  : 

The  patient  was  a  girl,  twenty-two  years  of  age.  She  Said  she  had  suf- 
fered repeatedly  from  ehloroeis,  and  that  during  one  of  the  previous  attacks 
her  neck  had  become  larger  in  circumference.  Wheu  we  ^rst  saw  the  patient 
she  had  a  severe  tyf>e  of  pure  chlorosis,  which,  according  to  her  statements, 
had  reached  its  maximura  development  in  ten  to  fourteen  days.  In  addition 
to  the  marked  jmlene^  of  the  hlood  and  of  the  skin  there  was  such  an  ex- 
treme degree  of  muscular  weakness  that  the  patient  was  contined  to  bed. 
The  neck  was  34  cm.  in  circumference  ;  there  was  not  the  slightest  indication 
of  an  enlargement  of  the  thyroid  glaud.  Two  days  later*  the  neck  was  38 
cm,  in  circumference,  the  pulse-rate  had  increased  from  80  to  106*  and  the 
eyeballs  were  distinctly  protuberant  In  the  two  succeeding  days  the  cir- 
cumference of  the  neck  increased  to  39|  cm.,  there  was  a  markedly  palpable 
and  pulsating  enlargement  of  the  thyroid  gland,  vascular  murmurs  could 
be  heard  over  the  thyroid,  the  exophthalmos  i>ecame  more  marked,  and  there 
was  permanent  hvperhiiirosis,  sleeptessness,  and  extreme  weakness.  Thia 
was  the  acme  of  the  disease.  Ufi^m  the  ibl lowing  day  all  the  phenomena 
commenced  to  disappear,  and  af\er  five  more  t}&y^  the  patient  8howe<l  no  in- 
dication of  having  passed  through  an  acute  attack  uf  Basedow's  disease. 
The  circumference  of  the  neck  returned  to  341  cm.  and  the  pulse- rate  sank 
to  74.  From  the  first  day  of  olnservation  fand,  conee<|uentiy,  before  the 
appearance  of  the  symptoms  of  Basedow's  disease)  the  treatment  had  con- 
sisted of  the  administration  of  iron  and  arsenic. 


If  Basedow's  disease  is  associated  with  chlorosis^  the  therapeutic 
measures  to  be  reconmiended  are  the  greatest  possible  mental  rest,  the 
avoidance  of  physical  exertion,  an  abundant  diet,  and  the  employment 
of  arsenic,  with  or  without  the  si  mu  I  tan  eons  administration  of  iron. 
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Ik  refereoce  to  the  course  of  the  disease  we  may  differeDtiate  the 
following  groapg  : 

Simple  Chlorosis, — Ordinary  chlorosis  appears  in  a  series  of 
attacks.  It  develops  more  or  less  rapidly — i.  t\,  in  a  few  days  or 
weeks— until  it  reaches  a  certain  acme,  where  it  remains  for  a  longer  or 
shortc*r  period  of  time,  frequently  exhibiting  slight  variations  for  the 
better  or  for  the  worse,  and  then  gradually  disappears.  The  entire 
attack  usually  lasts  for  from  two  to  four  months.  Complete  recovery 
is  rarely  attained  upon  the  subsidence  of  the  actual  attack,  and  the 
blof>d  but  rarely  returns  quickly  to  assume  its  normal  composition. 
As  a  nile,  slight  disturbances  of  the  general  health »  j)allor,  retardation 
or  irregularity  of  the  menses,  and  incomplete  regeneration  of  the  blood 
are  present  for  quite  a  time  as  evidence  of  the  past  disease.  Recovery 
finally  occurs  after  tlie  lapse  of  six  months  or  of  a  somewhat  longer 
period*  The  disappearance  of  the  disease  may  be  permanent,  but  in 
the  majority  of  cases  recurrences  are  observed,  which  may  be  repeated 
for  a  number  of  years.  It  has  been  observed  that  certain  individuals 
are  always  reattacked  by  chlorosis  at  definite  seasons  of  the  year,  and 
such  cases  are  known  as  winter  chlorosis,  spring  chlorosis,  etc.,  as  the 
case  may  he.  According  to  O.  Roseubach,*  late  summer  chlorosis  is 
said  to  Ix*  the  most  frequent  form.  This  is  ao  experience  that  we 
can  not  confirm ;  in  our  patients  with  annual  attacks  of  chlorosis  the 
majority  were  affected  during  the  spring. 

The  development  of  the  disease  may  be  characterized  by  longer 
periods  of  time  between  the  successive  attacks.  This  is  particularly  the 
Ciisc  in  strong  young  girls  who  are  w^ell  nourished  ;  it  is  more  frequently 
encountered  in  the  higher  classes  of  society  tlian  among  the  working 
{K>i)ulation,  and  is  more  eiFranum  in  individuals  who  are  attacked  rela- 
tively late  in  life  (seventeen  to  nineteen)  than  in  very  young  girls.  The 
pmgnosis  is  dtK'idedly  fa\^orul>Ie,  A  certiiin  tendency  to  recurrence  per- 
sists until  maturer  years,  sometimes  extending  into  the  fourth  decenniuni, 
particularly  in  unmarried  and  in  ehildless  women.  In  this  form  of 
chlorosis,  pr^nancy  has  an  opposing  infiuenoe  to  the  recurreuoes  of  the 
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disease.     The  tc^ndency  to  recurrence  finally  disappears  without  leaving 

behind  any  |>Grmanent  damage  from  the  past  disease. 

The  gr€^t  majority  of  the  cases  of  chlorosis  pursue  the  course  which 
has  just  been  dei?cribcd. 

Chronic  CMorosis, — Under  this  head  are  included  those  cases 
which  last  for  a  number  of  years,  sometimes  ten  or  twenty.  In  the 
protracted  course  of  tbe  disease  there  are  improvements  and  exaoerba- 
tion^^  but  the  |)atients  are  always  pale^  and  the  hemoglobin  of  the  blood 
is  diminished*  In  these  cases  there  is  always  a  simultaneous  diminu- 
tion of  the  number  of  the  red  blood-corpuscles.  The  patients  always 
present  symptoms,  particularly  disturbances  of  menstruation,  some 
variety  of  dyspeptic  phenomena,  muscular  weakness,  and  fatigue  upon 
slight  exertion.  In  time  the  general  nutrition  almost  always  suffers, 
the  resistance  of  the  nervous  system  is  diminished ,  and  hysteria  and 
neurasthenia  find  an  excellent  basis  for  their  dev'^elopment. 

Chronic  chlorosis  is  also  character ize<l  by  the  occurrence  of  distinct 
attacks,  inasmuch  as  the  periods  of  improvement  and  of  exacerbation 
alternate  with  each  other  independently  of  any  form  of  traitment. 
Since  the  disease  does  not  completely  disjippear,  in  spite  of  the  best 
care  and  treatment,  it  is  to  l>e  supposed  that  this  type  is  due  to  a  per- 
manent, or  to  a  gradually  disapjiearing,  disturbance  of  function.  It 
can  be  soircely  anything  else  than  a  condition  of  atony  of  the  hemato- 
poietic organs.  The  cause  of  this  atony  can  not  always  be  establishal ; 
sometimes,  probably  in  the  majority  of  cases,  it  dejiends  upon  an 
Aplasia,  comparable  to  other  instances  of  retarded  development  (dwarfs, 
deficient  development  of  the  bones,  of  the  vascular  apparatus,  of  the 
breasts,  or  of  the  genitalia),  which  may  ocTtir  separately  or  cfjmbined 
with  the  chronic  form  of  chlorosis,  and  which  probably  provide  the 
basis  for  the  development  of  the  disease  (vascular  anomalies,  anom- 
alies of  the  sexual  organs).  In  other  cases  with  well-develf>pe«i 
organs,  deleterious  influences,  such  as  unfavorable  nutritive  conditions 
or  latent  tuberculosis,  may  permanently  atlect  the  function  ^^f  blood- 
formation.  We  do  not  consider  it  advisable  to  designate  such  cases  as 
chlorosis. 

The  chronic  form  of  chlorosis  begins  ver>"  early  in  the  first  half  of 
the  second  decennium,  or  it  may  even  date  back  to  the  years  of  child- 
hood;  in  rare  instances  the  disease  may  not  appear  until  the  eighteenth 
year  or  even  later.  These  individuals  are  usually  weakly  and  alsr>  pre- 
sent other  signs  of  retarded  development  (a  small  or  slender  IxkIv,  a 
delicate  osseous  system,  scanty  musculature,  deficient  panniculus  adi|x>- 
sus,  hypoplastic  mammary  glands,  deficiencies  of  the  internal  genitalia). 
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Sometimes  one,  and  sometimes  several,  of  these  signs  of  d^nerattoa 
may  be  present.  This  tyj^e  of  the  disease  rarely  affects  those  of  strong 
and  well-developed  physique. 

The  terraiDation  of  these  cases  varies  greatly.  Complete  reooveiy 
frequently  occurs  after  the  chlorosis  has  existetl  for  years.  This  shows 
that  a  congenital  or  actiuired  insufficiency  of  the  hematopoietic  organs 
may  be  overcome  by  subset^uent  maturation.  In  this  respect  the  treat- 
ment is  of  great  importance*  In  some  cases  the  favorable  iufluenoe  of 
married  life  is  unmistakable  ;  in  other  instances  the  chlorosis  disappears, 
but  is  particularly  likely  to  return  during  pregnancy  or  the  puerperinni. 
Recovery  does  not  always  take  place.  Many  women  remain  more  or 
less  chlorotic  all  their  lives  or,  at  least,  nntil  the  meoopaase.  Withont 
ever  being  dtingerou!*ly  ill,  they  always  suffer  from  some  of  the  symp* 
toms  which  are  common  in  the  chlorosis  of  youth.  The  cardinal  symp- 
tom of  the  chlorosis  of  younger  years,  the  pallor  of  the  skin,  gradually 
disappears  with  advancing  age,  since  the  capillaries  dilate  and  marked 
pigmentations  make  their  appearance.  This  peculiarity  of  old  caaes 
often  causes  us  to  forget  the  |M>ssibiIity  of  the  presence  of  chlorosis.  If 
the  anemnesis  is  carefully  elicited,  howeveTj  the  symptoms  present  may 
be  traced  directly  to  an  undoubted  chlorosis  of  youth  ;  the  examinatioa 
of  the  l)l(X>d  regularly  reveals  a  marked  decreas  of  hemoglobin,  which 
sharply  contrasts  with  the  appearance  of  the  patient. 

The  prognosis  of  these  ibrms  of  chlorosis^  which  are  chronic  from 
their  first  appearance,  is  subject  to  great  variation.  They  frequently 
end  in  recovery,  but  even  these  favorable  cases  may  furnish  cause 
fiir  alarm.  If  the  blof>d  is  watery  and  |)oor  in  hemoglobin  at  the 
time  of  tlie  most  rapid  development  of  b^idy  and  mind,  tlie  resistance 
of  the  tirganism  later  in  life  munt  l>e  impaired.  Deficient  physical 
development,  impairment  of  physical  and  ment'd  energy,  a  badly  trained 
will  and  reason,  deficient  etlucation,  and  capricionsnesi?  are  frequently 
the  results  of  long-continued  chlorosis  and  of  the  enforced  idleness 
of  the  body  and  of  the  mind,  which  the  disease  imposes  upon  its 
victims. 

It  must  also  be  remembered  that  chlon>si8,  particularly  the  chronic 
form,  cultivates  the  ground  fi>r  the  development  of  other  diseases,  and 
delays  the  convalescence  of  intepcurrent  affections.  In  chronic  chlorosis 
it  should  also  be  borne  in  mind  that  the  case  may  not  be  one  of  pure 
chlorosis — L  c,  a  disturbance  which  is  limited  to  deficient  blocxl-forma- 
tion.  Other  grave  developmental  disturbances  may  also  he  present, 
such  as  hypoplasia  of  the  vascular  system  with  the  danger  of  subsequent 
cardiac  weakness,  hypoplasia  or  functional  disability  of  the  genitalia 
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with  the  danger  of  permanent  sterility ;  or  the  chronic  anemia  may  only 
simolate  chlorosis  and  actually  be  due  to  a  latent  tuberculosis. 

Chlorosis  wifh  Complications. — Chlorosis  favors  the  develop- 
ment of  certain  other  diseases^  some  of  which  are  dangerous  and  even 
fiital.  Two  such  complications  are  gastric  ulcer  and  thrombosis. 
Together  with  trauma  and  intoxications^  they  constitute^  by  &r^  the 
most  frequent  causes  of  death  in  chlorotic  girls  and  women.  All  other 
complications  intimately  connected  with  chlorosis  are  not  dangerous  to 
li£^  but  they  may  render  the  disease  more  serious  and  delay  recovery. 


DIAGNOSIS. 


Chlorosis  does  not  liclong  to  the  diseases  with  |3alhogiiomonic 
symptomg.  Every  individual  .symptom  is  observed  in  other  dis- 
eaaeSf  particularly  in  the  remaining  forms  of  anemia  and,  on  the  other 
handj  with  the  exception  of  the  impoverishment  of  the  liemc>globin  of 
the  bltxHl^ — which  is  common  to  all  anemias — there  is  no  symptom 
which  can  not  be  wanting  in  the  individual  case  without  affectiDg  the 
diagnosis.  The  diagnosis  must  not  be  based  upon  individual  symptoms, 
but  upon  the  entire  clinical  picture  and  ujK>n  the  exclusion  of  other  dis- 
eases. The  diagnostic  features  are  consequently  partly  of  a  positive 
and  partly  of  a  negative  character, 

POSmV^  DIAGNOSTIC  FEATURES* 

The  Anemic  Condition  of  the  Blood. — A  diminution  of  the 
amount  of  hemoglobin  in  the  blood  is  the  foundation  upon  whicli  the 
diagnosis  is  based.  A  patient  who  is  apjvarently  anemic  and  yet  whose 
blood  contains  a  normal  percentage  of  liemoglobin  may  be  de^signated 
as  anemic  or  as  oligemic,  but  never  as  chlorotic.  On  the  other  band,  it 
can  not  be  maintained  that  in  chlorosis  only  the  hemoglobin  is  dimin- 
ishetl  and  not  the  number  of  red  blood-corpuscles.  As  a  rule,  the 
hemog]<jbin  im[K>verishment  is  greater  than  the  decrease  in  the  number 
of  red  cells;  if  the  opi^site  condition  obtains^  it  is  evidence  agaiDSI 
the  ejcistence  of  chlortjsis.  The  normal  or  approximately  normal  con- 
dition of  the  leukocytes  is  also  to  be  emphasized. 

The  Female  Sex. — ^Wliile  we  do  not  deny  the  possibility  of  the 
development  of  anemic  conditions  and  their  sequel©  in  the  male  sex, 
[Kirticnlarly  in  the  young,  which  may  be  dependent  upon  the  same  dis- 
turljances  of  the  hematopoietic  function,  as  is  chlorosis,  we  do  nut  believe 
that  the  txjcnrrence  of  such  a  condition  has  Ijeen  definitely  proved. 
Until  we  are  fully  cognizant  of  all  the  causes  for  the  development  of 
the  disease,  the  word  "  chlorosis ''  should  lie  reserved  for  the  female  sex 
(see  pages  341,  342,  and  347), 

The  Yonthfnl  Age  of  the  Patient, — Great  weight  is  to  be 
laid  upon  this  pnint.  The  anemias  of  childhtXKl  (until  about  the  twelfth 
year)  can  but  rarely  be  designated  as  true  chlorosis.     Considerable  heai- 
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sigDificance  tx>  the  experienced  physician  than  the  raost  careful  analysis 
of  the  individual  symptoms. 

NEGATIVB  DIAGNOSTIC  FEATURES. 

Since  practically  all  of  tlie  s^Tuptoms  of  chlorosis  are  found  in 
other  formjs  of  anemia  it  is  of  con&i<lerable  im|x»rtai]c?e,  in  every  case, 
to  exclude  the  presence  of  other  dii>e3i,ses  of  the  blocKl.  An  examina- 
tion of  the  blood  will  exclude  some  of  thetie  affections,  such  as  both 
forms  of  leukemiaj  severe  cm^es  of  so-called  pernicious  anemia^  and  the 
cases  of  secondary  anemia j  which  are  accomptinied  by  extreme  leuko- 
cytosis. Other  forms  of  anemia,  which  are  sharply  differentiated  from 
chlorosis  by  their  etiology >  may  produce  a  cliniad  picture  and  a  condi- 
tion of  the  blood  which  reseral>les  true  chlorosis.  The  affections  to 
which  the  attention  of  the  diagnostician  is  to  be  directed  may  be  best 
indicated  by  a  consideration  of  those  diseases  with  which  chloroais  ia 
most  frequently  ctjnfusetl  in  practice. 

Intestinal  Parasites, — It  has  long  been  known  that  Ankylodo- 
mmn  duodenale  and  Bothrmc^ihalttn  fatiiJi  can  produce  anemia*  Id 
regions  where  these  parasites  are  common  they  are  rarely  overlof:)ked ; 
elsewhere  they  are  likely  to  give  rise  to  confiision.  Up  to  the  present 
time  wc,  fiersonally,  have  treated  only  2  cases  of  bothriocephalus  anemia. 
In  both  instances  the  patients  were  young  girls  who  had  bt^eu  regarded 
as  chlorotics  for  a  h^rig  time.  The  expulsion  of  the  worm  was  followed 
by  rapid  recovery.  Opinions  vary  iu  reference  to  Tmnia  vudwcanetlnta 
and  Twnki  soUmn — the  latter  worm  scarcely  ever  occurring  in  Germany 
at  the  present  time.  In  the  majority  of  cases,  according  to  our  experi* 
ence,  these  worms  do  not  cause  a  trace  of  anemia.  In  children  and  in 
young  girls  who  are  predisposed  to  anemia^  however,  they  are  not  rarely 
the  deternHniiig  causes  of  an  impoverishment  of  tlie  blood.  If  this 
were  not  the  case  it  would  Ix^  hard  to  understand  the  rapid  recovery 
from  the  anemia  after  the  expulsion  of  the  parasite.  We  have  seen 
several  such  cures  in  cases  wliii'h  previously  had  been  unsut^cessfuUy 
treate4:l  with  iron  for  long  periods  of  time.  The  same  statements  are 
tnie  of  Af^mtn^  lumbrieoidm.  From  these  fact^  it  will  be  seen  that  in 
every  case  of  anemia  the  evacuations  of  the  patient  should  be  exam- 
incd  microscopically  for  the  presence  of  the  eggs  of  panisiteSj  although 
the  diagnosis  be  ever  so  well  founded.  In  obstinate  cases  of  anemia 
such  an  examination  is  of  particular  imp*^rtance, 

Ttlberctllosis, — Iiici[>ient  mln'rculosis  frequently  produces  an 
anemic  condition  that  stnnigly  resembles  chlorosis.  It  is  not  always 
possible  to  differentiate  the  two  afiections  from  their  symptomatold^ 
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anJ  from  the  conclitioti  of  the  blood.  The  Biiiiilarity  may  extend  even 
further,  ir-ince^  in  both  easeyij  the  rduse  uf  the  anemia,  or  the  elmnged 
relations  of  the  processes  of  blocxl-fortnation  and  of  blood-destruetion, 
may  lie  identical.  Their  etiology,  however,  is  different  and  the  pnn>er 
diagnosis  of  the  eoudition  is  eo«8e(|iiently  of  the  greatest  impoitance* 
It  is  possible  that  a  girl  with  old  or  recent  tubereiilar  foei  in  her  lymph- 
atic glands  or  lungs  eiin  also  develop  a  true  ehlorosis,  but  it  is  more 
cautious  from  a  prognostic  ami  thcrajKHitic  8tand[>oint  to  exclude  this 
pt>bsibility  and  to  regard  tuberculosis  when  present  as  the  ctmse  of  the 
anemia  in  every  case.  Tuberculosia  may  be  recrognized  in  its  early 
stages  by  a  careful  cousidemtion  of  the  anamnesis  and  by  frequently 
repeated  examinations  of  the  lymphatic  system  and  ot'  the  lungs, 
Temjxerature  records  are  i>f  but  rehitively  small  assistiiuee ;  their  im- 
portauc«  for  the  differential  diagnosis  between  chlorosis  and  the  early 
stagejs  of  tul>erculosis  has  bt^ii  greatly  overestimated.  Tuberculosis 
sometimes  makes  its  apjK'arance  unattended  i)y  fever,  and  long-continued 
meiisurements  of  tlje  tem]>erature  several  times  every  day  may  conse- 
quently reveal  nothing  abnormal.  Upon  the  other  hand,  temperatures 
of  38.5  C.  (101.3  F.)  and  higher  are  iKx^sionally  observed  in  eases 
which  subsequently  prove  to  be  undoubted  chlorosis.  In  these  cases 
the  reaction  of  the  body  to  tuberculin  seems  to  us  to  be  of  the  greatest 
importance.  We  ahvays  employ  it  in  doubtful  cases  and  are  very  well 
pleased  with  the  diagnostic  aid  iumished  by  the  procedure.  The  habitual 
temperature  curve  of  the  patient  is  first  ascertained  by  rejx*ated  measure- 
ments of  the  temperature  at  stated  intervals  for  several  days.  One 
mg.  of  tnl>erculin  is  then  injected,  preferably  late  in  the  evening ;  if 
there  is  no  abnormal  rise  of  tem|>erature  u{>on  the  following  morning 
or  afternoon,  3  mg.  should  be  injec^ted,  and  this  is  to  be  followed  with 
5  mg.  upon  the  suceaHling  day  if  the  result  is  still  negative*  Fevei 
after  the  inje<?tion  definitely  indiciites  the  presence  of  tuberculosis ;  if 
the  tem{>erature  remains  normal,  the  absence  of  tulKerculoais  is  almost 
as  positively  indicjited.  In  our  opinion,  there  are  no  other  conditions 
in  which  the  results  of  the  injection  of  tul>erculin  are  so  significant  and 
decisive  as  in  chlorosis  and  tuberculosis  (see  p.  460). 

The  Simple  Anemias. — These  are  due  to  unhealthy  modes  of 
life,  to  damp  lodgings,  to  deficient  light,  air,  and  exercise,  to  iiiappro- 
priate  diet,  to  kck  of  sleep,  and  to  an  overburdening  of  the  youthful 
organism  with  mental  or  physical  work.  These  deleterious  influences 
will  produce  anemia  in  all  individuals,  whether  they  are  young  or  old, 
male  or  female ;  they  are  evidently  instrumental  in  paralyzing  the 
hematopoietic  organs  and  in  preventing  a  healthy  fonBation  of  blood. 
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We  are  still  ignorant  of  the  portion  of  the  oi^nism  fir^t  attackcnl  and 
of  the  method  of  operatioD  of  these  injurious  influences.  The  blood, 
particularly  in  elderly  individuals,  fretjuently  assumes  characteristics 
which  difterentiate  it  from  that  of  true  chlorosis.  The  hemoglobin  im- 
|X)verif>liiuent  m  but  slightly,  if  at  all,  more  marked  than  the  decrease 
in  the  number  of  cells,  and  the  serum  usually  loses  in  density  and 
albumin  pereentige.  There  are  but  few  whose  bl(X)d  examinations  are 
accurate  enough  to  form  the  basis  of  a  diiferential  diagntksis.  Even 
when  these  results  are  accurate  they  are  not  to  be  deiiended  upon,  since 
it  is  only  the  extremes  that  are  characteristic.  The  extremes,  however, 
may  be  recognized  without  such  complicated  diagnostic  accessories  and 
the  analysis  of  the  blood  rarely  allows  of  positive  conclusions  when  the 
clinical  diagnosis  is  in  doubt.  The  conditions  are  still  more  complicated 
by  the  fact  that  all  those  deleterious  influences  which  canse  simple 
anemia  in  other  individuals  may  produce  a  true  chlorosis  in  those  who 
are  predisposed  by  age  and  sex»  which  loses  more  or  less  of  its  reaction 
to  the  exciting  cause  and  continues  Ut  exist  as  an  independent  affection. 
This  gives  rise  to  new  difficulties  in  the  critical  study  of  anemic  condi- 
tions In  girls  and  women,  and  we  are  coufrouteil  by  the  question, 
a  Where  does  simple  anemia  cease  and  where  does  chlorosis  l>egin  as  an 
indc^pendent  disease  ?"  The  practical  difficulties  are  by  no  means  so  great 
as  are  the  theoretic  ones.  If  a  careful  study  of  the  mode  of  life  reveals 
gross  examples  of  some  of  the  previously  mentioned  deleterious  influ- 
ences, it  is  always  advisjible  to  designate  them  as  the  most  likely  cause 
of  the  anemia  and  to  refrain  terajiorarily  from  diagnosing  the  case  as  a 
chlorosis  which  has  become  independent  of  the  exciting  cause.  This  is 
of  therapeutic  importance,  since  it  would  be  a  grave  error  to  attempt  to 
cure  such  a  case  by  the  administration  of  iron  when  good  beefsteak, 
sufficient  rest,  aud  healthier  lodgings  are  indicated. 

Anetnia  from  Hemorrhage. — Almost  tlie  only  hemorrhages  to 
l>e  considered  under  this  head  are  the  hematemeses  of  gastric  ulcer; 
hemorrhages  from  the  intestine  are  of  rarer  occurrence.  All  other 
hemorrhages  excite  such  attention  that  they  are  sufficiently  appreciated 
by  both  the  physician  and  the  patient.  This  is  not  so  with  the  hemor- 
rhages occurring  in  the  upper  portion  of  the  gastro-intestinal  canal* 
Gastric  or  duodenal  uk«r  often  produces  no  syraptoms  or  there  are 
no  greater  disturbancei>  present  than  in  the  majority  of  cases  of  chlo- 
rosis. The  escaping  lilood  becomes  so  changed  in  its  long  course  from 
the  stomach  to  the  rectum  that  it  is  difficult  for  the  laity  to  recognize  it 
as  such.  If  the  evacuations  are  not  carefully  and  repeatedly  examined 
many  an  ulcer  will  be  overlooked,  and  the  case  regarded  as  one  of 
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chlorosis,  to  the  great  detriment  of  the  patient.  Tlie  most  careful 
examination  of  the  bhxKl  will  not  sa\'e  the  diagnostician  from  this 
error,  since  the  more  important  characteristics  of  chlorotic  blood  and 
of  the  blood  after  hemorrhage  are  identicaL  It  may  not  be  anuas  to 
emphasize  the  fact*  that  a  physician  who  overlooks  bloody  stools  in  a 
young  girl  and  treats  the  disease  as  cblonisis,  could  be  acxiused  of  mal- 
practice. 

Diseases  of  the  Kidneys. — Chn)nic  nephritis  always  leads  to 
anemia^  particularly  in  youthful  inilividuals.  In  certain  forms  and 
stages  of  the  disKmse,  the  patient  acquires  that  puffy  apj)earance  and 
that  alabaster  transparency  of  the  skin  which  is  also  observed  in  chlo* 
rosis.  Chronic  nephritis  may  also  be  accomfianied  by  headache,  imlpi- 
tat  ion,  digestive  disturbances,  and  a  sensation  of  wciikness,  so  that 
confusion  frefpiently  follows  a  superficial  examination  if  the  urine  is 
Delected.  The  omission  of  the  examination  of  the  urine  is  to  be  con- 
sidered as  evidence  of  gross  negligence  on  the  part  of  the  physician. 
There  is  not  only  a  large  jK-rcentage  of  albumin  in  the  urine  of  these 
cases  of  nephritis  in  youthful  individuals,  but  the  blood  is  also  char- 
acterized by  certain  peculiarities.  In  nephritis  the  specific  gmvi ty  and 
the  dry  residue  of  the  serum  are  usually  diminished,  while  in  chlorosis 
this  is  not  observed,  or  at  legist  only  to  an  insignificant  extent. 

Certain  French  autliois,  following  in  the  lead  of  Dieuhifoy,^  have 
_feoently  attemptal  to  differentiate  a  special  form  of  chlorosis  which  is 
'■ssociated  with  chronic  albuminuria  or  Bright's  disease.  In  the  litera- 
ture this  affection  is  known  as  "  chloro-Brightism  "  and  has  been  made 
the  subject  of  dissertations  by  Chatin»^^*  Labadie-Ijagrave,^  and  Duco,^"® 
The  cases  of  sudden  fatal  pulmonary  edema  in  anemic  girls  described 
by  Hanot **"  and  Vincent!^**  also  belong  under  this  heading.  The  sepa- 
ration of  these  eases  has  no  justification  and  can  only  result  in  confu- 
sion. They  are  case^^  of  true  nephritis  whicli  produce  marked  anemia 
and  its  conse^pient  se^juel^.  In  such  patients  the  well-known  symptoms 
of  chlorosis  dominate  the  clinical  picture,  as  they  always  do  when 
anemic  conditions  develop  in  young  girls. 

Beginning  Cerebral  Diseases.^ — In  youthful  individimls  these 
affections  rapidly  produce  anemia,  and  many  an  apparent  case  of  chlo- 
rosis with  dizdness,  attacks  of  unconsciousness,  nausea,  exhaustion  and 
pallor  has  subsequently  provctl  to  be  a  brain  tumor  or  a  basal  men- 
ingitis. 

Beginning  Pregnancy  in  Unmarried  Girls.^The  usual 
molimina  of  a  beginning  pregnancy  are  associated  witb  tliose  evidences 
of  mental  worry   which   naturally  arise  under  such  conditions.     The 
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general  nutrition  suffers  greatly  and  so  does  the  quality  of  the  blood- 
Young  girls  who  were  prcvioui?ly  in  blooming  health  rapidly  lose  weight 
and  exhibit  those  manifold  disturbances  which  are  also  observed  in  true 
chlorf>5is.  For  a  long  time  such  cases  are  reganlod  us  chlorosis  by  the 
family  and  friends  of  the  patient.  It  is  the  duty  of  the  phyniciaD  to 
gain  the  confidence  of  his  patient  suflieieutty  to  allow  him  to  determine 
the  true  state  of  affairs. 

Congenital  Hypoplasia  of  the  Vascular  System. — The 
developmcot  by  a  series  of  attacks,  the  rapid  appearance  and  disappear- 
ance of  the  symptoms  and  of  the  anemia^  and  the  jiossibility  of  cure, 
all  speak  decidedly  against  the  teaching  that  vascular  hypjplasia  is  the 
anatomic  foundation  of  chlorosis.  Wc  believe  that  this  statement  ex- 
presses the  position  lieJd  by  the  majority  of  clinicians  at  the  present 
day.  Thanks  to  the  classic  descriptions  of  O.  Fratitzel,  pronounced 
cases  of  congenital  hypoplasia  of  the  vascular  system  with  consecutive 
cardiac  hypertrophy  and  subsequent  canliac  weaknei^s,  with  a  tendency 
to  stasis  and  endocarditis,  and  with  the  frequent  association  of  deficient 
development  of  the  entire  bcKly,  produce  such  a  characteristic  clinical 
picture  that  the  diagnosis  is  scarcely  ever  mistaken  at  the  present  day. 
This  condition  is  also  unlikely  to  give  rise  to  confusion  when  a  marked 
anemia  is  present  slb  a  secondary  phenomejion.  The  study  of  Virchow's 
celebrated  dissertation  teaches  that  his  descriptions  were  based  upon 
such  cjises— cases  that  no  clinician  of  the  present  day  would  allow  to 
go  to  the  postmortem  table  with  the  diagnosis  of  chlorosis* 

Nevertheless,  the  diagnosis  **  hypoplasia  of  the  vascular  system  "  is 
not  incomjmtible  with  the  diagnosis  •*  chlorosis/'  since  tlih^  anomaly 
may  play  an  important  rOle  in  the  etiologj^  of  the  affection  which  we 
designate  as  chlorosis  from  a  purely  clinical  standpoint.  We  recognize, 
with  Virchow,  that  hypoplasia  ftf  the  vascular  system  favors  a  deficiency 
of  blood-formation,  Wheu  hyp<jplasia  of  the  vascular  apparatus  is 
present  in  an  individual  at  the  age  of  puberty,  and  this  individual 
becomes  subjected  to  external  deleterious  influences,  anemia  is  not  slow 
in  making  it^  apfK^anmce  and  the  well-known  symptoms  of  chlorosis 
and  their  sequela*  ht^come  manife^t^  as  is  usually  the  case  when  young 
girls  become  anemic.  According  to  our  conception,  hypoplasia  of  the 
vascular  system  is  a  favorable  basis  for  the  development  of  chlorosis 
and  may  also  delay  couvalescenee  and  favor  the  subsfNiuent  recurrence 
of  the  disease.  From  a  progiutstic  and  thera|Teutic  stand f»oint,  it  is 
important  to  recognize  or  exclude,  at  the  earliest  possible  moment^  the 
cooperation  of  this  factor  in  the  origin  of  every  case  of  chlorosis.  The  art 
of  diagnosis,  however,  is  frequently  unable  to  lead  to  a  decision  upon  this 
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point,  since  the  milder  d^^rees  of  hypoplasia  of  the  vascular  system  are 
difficult  of  recognition.  The  long  duration  of  the  disease,  the  resistance 
to  reasonable  treatment,  and  the  more  marked  predominance  of  the  car- 
diac symptoms,  frequently  furnish  some  aid  to  the  diagnosb.  These 
features  are  not  characteristic,  however,  since  chlorosis  can  persist  for  a 
long  time  when  the  vessels  are  normal  and,  on  the  other  hand,  cardiac 
and  pulmonary  symptoms  are  also  peculiar  to  some  cases  of  chlorosis 
which  soon  recover,  leaving  the  patient  in  perfect  health  and  with  a 
normal  heart. 


TREATMENT. 


PROPHYLAXIS 

Is  it  possible  to  prevent  ehlorosis?  In  a  certain  number  of  cases 
tbis  question  is  to  be  answered  in  the  affirmative,  while  in  other  instances 
it  must  certainly  be  denied.  Even  in  the  latt^T  cases,  however,  much 
may  be  done  to  ameliorate  the  course  of  the  disease. 

We  will  start  with  the  well-grounded  supposition  that  the  fimnda- 
tjon  of  numerous  cases  of  ehlorosis  exists  early  in  life  in  the  form  of 
acquired  or  congenital  weakness  of  the  hematopoietic  organs.  The 
individual  is  consefjuently  predisp^jsed  to  the  development  of  the  anemias 
in  generalj  but  for  the  appearance  of  the  jiarttcular  form  of  anemia 
known  as  "chlorosis/*  an  anomaly  of  the  genital  gland  which  leads  to 
the  abi>lition  or  im|>airmentof  a  definite  function  ("  internal  secretion  ") 
must  also  be  present.  This  anomaly  occurring  within  the  sexual 
appanitus  must  also  be  traced  to  a  congenital  pretlisposition. 

Since  the  functional  weakness  of  both  systems  is  dei>endeDt  upon 
<x)ngenital  influences  and  represents  a  true  anomaly  of  development 
(anatomic  hy|wplasia),  the  treatment  is  rather  hopeless.  Even  the  best 
hygiene  of  body  and  mind  and  the  most  appn^priate  diet  are  powerless 
when  confronted  with  anatomic  anomalies  of  development  which  were 
present  in  the  embryo*  There  will,  consequently,  always  l>e  cases 
whicti  make  their  appearance  in  spite  of  all  preventive  measurers.  In 
other  eases,  however,  in  which  the  congenital  functional  weakness  is  not 
BO  well  marked,  or  where  it  develops  later  in  life,  there  is  some  hope 
of  overcoming  this  anomaly  and  preventing  chlorosis  by  a  proper  regu-* 
lation  of  the  mode  of  life. 

The  prophylactic  treatment  practically  includes  all  those  measures 
which  are  necessary  to  strengthen  the  OT^anism  in  childhood  and  in  the 
early  years  of  maturity.  Particular  attention  must  also  be  given  to 
those  measures  which  have  a  kno%vn  or  probable  influence  upon  blood- 
formation.  If  we  succeed  in  strengthening  the  body  in  childhcKxI  and 
in  maintaining  this  condition,  the  danger  of  the  appearance  of  chlorosis 
at  a  critical  period  is  greatly  diminished.  Even  should  the  individual 
be  attacked,  the  disease  will  probably  pursue  a  milder  course,  since, 
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with  certain  ezceptioDs,  expericDce  teaches  that  strong  persons  recover 
from  chloral  much  more  quickly  than  weakly  individual* 

This  is  not  the  place  tu  enter  into  a  general  discussion  as  to  the 
proper  care  and  oourish merit  of  children  which  are  necessary  to  produce 
an  organism  capable  of  re:?istanee.  We  will  ctmsider  only  as  much  of 
this  i^ubject  as  has  a  bearing  upon  chlorosis. 


NUTRITION, 

The  diet  should  be  sufficient  to  produce  and  maintain  **  good  general 
nutrition/*  Everyone  knows  what  is  to  be  undexstood  by  this  term* 
In  growing  girls  it  signifies  a  strong  musculature  and  a  well-developed 
pannictilus  adipoi^us.  In  young  girls  btyond  the  tenth  year  the  layer 
of  subcutaneous  fat  should  be  considerably  better  developed  tliau  in 
boys  of  the  same  age.  An  amount  of  fat  that  is  sufficient  for  a  boy 
might  be  frequently  designated  as  scanty  for  a  girl  of  the  same  age- 
On  the  other  hand,  we  are  not  ^iupposal  to  produce  a  condition  of 
obesity. 

The  diet  has  relatively  little  influence  upon  musculature.  If  the 
diet  is  not  absolutely  niggardly,  the  muscles  will  develop  acc<»rding  to 
tlie  demands  made  upon  them  and  !icc<»rding  to  their  hereditary  dispo- 
sition. The  richest  diet  remains  permanently  ineffective  if  the  other 
factors  favoring  muscle-growth  are  absent.  On  the  contrary,  the  diet 
is  of  decided  imiHirtance  for  the  deposition  of  the  sulxnitaneous  iat.  It 
IS  a  great  error  to  lay  little  weight  upon  the  regular  cultivation  of  this 
fat,  for,  although  this  tissue  has  no  independent  life  and  represents  only 
reserve  material,  it  is  constantly  observed  that  individuals  with  nor- 
mally developed  fatty  tissue  are  more  cajiable  of  resistance  than  lean 
individuals.  The  latter  statement  is  particularly  true  of  children,  and 
experience  shows  that  in  these  individuals  a  normal  amount  of  fat 
practically  means  a  strong  constitution  in  general,  I  do  not  refer  to 
instances  of  pathologic  obesity  or  to  those  increased  amounts  of  adi- 
pose tissue  which  are  obtained  by  temporary  overfeeding.  In  child- 
hoody  however,  these  conditions  tetid  to  he  of  short  duration.  The 
temporary  results  of  overfeeding  are  not  to  be  considered  ;  they  fre- 
quently do  more  harm  than  good.  It  is  much  more  prudent  to  favor 
the  gradual  deposition  of  fat  and  then  to  maintain  what  has  been 
gained. 

The  Supply  of  Fats.^— If  the  ordinary  iliet  ie  not  capable  of 
prmlueing  a  sufficient  amount  of  subcutaneous  adi|)ose  tissue  in  children 
and  in  young  girls,  we  should  advise  the  employment  of  the  fats  them- 
selves for  this  purpose.     The  desired  result  can  not  be  obtained  with 
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carbohydrate,  since  these  individuals  usually  have  small  appetites. 
The  diet  iisimlly  consists  of  a  relatively  hirge  amount  *»ftliehe  substances, 
and  they  would  have  to  be  increased  to  such  an  extent  that  there  would 
be  a  constant  struggle  between  physician  and  patient,  which  wTuild  usually 
terminate  in  the  defeat  of  the  physician.  On  the  contrary,  the  aniouot 
of  fat  in  the  diet  of  children  is  usually  less  than  it  should  be,  and  can 
easily  be  augmented  without  causing  much  of  an  increase  in  the  total 
amount  of  food.  Much  deiieodn  upon  the  nature  of  this  fat.  In 
youthful  individuals,  fat  meat  and  bacon  are  not  to  be  recommended, 
since  they  soon  excite  the  di^ust  of  the  patient.  The  fat,  particularly 
in  the  form  of  butter,  slxould  he  generously  mixed  with  the  vegetables 
and  farinaceous  foods,  and  the  indtv^idual  should  also  be  encouraged 
to  consume  considerable  quantities  of  butter  witli  bread  and  potatoes. 
It  is  highly  advantageous  to  add  cream  to  the  milk,  and  to  administer 
S4ime  of  the  so-called  medicinal  fats.  We  have  entirely  abandoned  the 
use  of  cod-liver  oil  and  now  employ  oleum  sesami  '^*^  exclusively.  Other 
methods  of  forming  fat,  such  as  the  administration  of  alcohol  and 
physical  rest,  are  not  to  be  considered  in  reference  to  children. 

The  Supply  of  Albnmms. — In  addition  to  the  special  purpose 
of  forming  fat,  the  diet  of  children  and  of  youthful  individuals  must 
contain  a  generous  quantity  of  albumin,  if  they  are  to  be  made  strong 
and  capable  of  resistance.  Children  should  n?ceive  more  albumin  in 
propi>rtion  to  their  btxly-weight  than  is  requiretl  by  adults.  This  re- 
quirement is  nearly  always  complied  with,  unless  tlie  parents  are  very 
poor,  and  it  is  only  in  rare  instances  that  the  physician  finds  it  necessary 
to  increase  this  article  of  diet. 

Vegetables  and  Fruits. — ^The  necessity  of  a  generous  supply 
of  vegetables  and  fruits  must  be  particularly  emphasized.  In  Germany, 
at  least,  and  particularly  during  the  winter,  these  articles  are  not  suffi- 
ciently represented  in  the  diet  of  children.  They  are  of  the  greatest 
imi^^jrtance  for  the  normal  development  of  the  body  and  of  all  of  its 
functions.  As  far  as  children  are  concerned,  w^e  believe  we  could  do 
better  by  following  the  dictates  of  the  most  rigid  vegetarianism  than  by 
feetling  the  children  as  though  they  w^ere  carnivora,  according  to  the 
bad  custom  which  is  still  quite  prevalent.  At  this  place,  it  is  particu- 
larly appropriate  to  emphasize  sharj>ly  the  inijwrtanoe  of  green  vege- 
tables, since  we  are  practically  dependent  upon  the  vegetable  kingdom 
for  the  greater  portion  of  the  iron  which  is  necessary  for  blood- 
formation  (see  p*  451).  The  iron  occurs  in  vegetables  in  the  form  of 
highly  eonstitutal  ferniginous  nucleo-albumins  (Bunge*).  Although 
other  oombinatioos  of  iron  (iron  salts,  organic  preparations  of  iron  of 
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fiiimple  molecular  constniction)  may  likev\nse  be  employed  id  blood- 
foniiatina,  tliey  arc  iie%a*r  utilized  by  healthy  individuals,  who  procure 
their  entire  supply  from  the  nueleo-alhutuiDs.  If  we  limit  the  most 
important  sources  of  iron — the  vegetables  and  the  fruit-; — we  cause  a 
certain  slugitrii^hness  of  bloud-forniation  and  an  entire  luek  of  reserve 
iron,  sueh  as  i.s  normally  finnui  in  the  liver,  spleen,  and  bone-marrow 
of  bealthy,  well-nourished  individuals.  From  the  inappropriate  t^elec- 
tion  of  foods  such  j>er80iis  acquire  a  predispo&ition  to  cblorosis. 


EXEROSE.  FRESH  AIR,  BATHS. 
In  young  ^irls  with  a  delimte  constitution  or  a  family  history  that 
makes  us  fear  the  development  of  chlorosis,  we  should  pay  special 
attention  to  those  accessory  measures  whi<.^h  bring  the  jiatient  in  the 
fresh  aiPj  favoring  the  development  of  the  muscles  and  the  strengthening 
of  the  body,  ExjHjrience  shows  that  these  factors  are  powerful  stimuli 
to  bl<»od-forniatifm.  They  are  to  Ije  employed  Ix'fore  the  outbreak  of 
the  chlorosis,  and  also  in  girls  who  have  been  chlorotic,  to  avoid  a 
recurrence  i>f  the  diseaise.  These  measures  are  intended  to  spur  the 
patient  on  to  increased  exertion  by  stimulating  the  physiologic  process 
of  blocKl-foriuation  and,  in  this  manner,  to  overcome  the  congenital  or 
aequiretl  w^eakness  of  the  hematopoietic  a]>paratus.  The  nature  and 
the  extent  of  the  physical  exercise  which  is  to  l>e  j>rescribed  for  gnjwing 
girls  is  so  dc[>endent  ujion  the  individual  environment  that  we  can  not 
discuss  it  in  detail.  Children  who  gri>w  up  in  large  cities  slioukl  spend 
their  vacations  in  the  country.  The  selection  of  the  particular  locidity 
^ill  <lepencl  upjn  circumstances;  it  is  by  no  means  neeessarj^  that  the 
individual  should  be  sent  to  a  celebrated  bathing  or  mountain  resort. 
If  the  living  a|»artmeuts  are  suitable,  any  country  place  with  wot>ded 
surroundings  will  usually  be  all  that  is  required.  Those  places  are  to 
be  preferred  which  are  in  tfie  vicinity  of  lakes  affording  bathing  facili- 
ties, and  also  those  which  are  situated  in  mcnmtainous  districts.  There 
is  likewise  no  objection  t^i  high  mvjuntainous  resorts.  The  old  preju- 
diced view  tliat  children  bear  considerable  elevations  badly  (such  as  the 
Engtidine,  for  example)  has  Iwx-n  practicidly  dispiHJVed.  A  high  alti- 
tude is,  if  anything,  a  powerful  stimulus  to  blotxl-formation  and  aids  in 
the  exercise  and  strengthening  of  the  hematopoietic  organs.  Experience 
shows  that  the  same  may  be  said  of  a  sojfuirn  at  the  seacoast  and  of  the 
use  of  brine  baths.  We  must  not  consider  these  things  from  the  stand- 
point of  the  labt»ratory  and  say,  "  Ex[>eriment  lia^  not  proved  the  in- 
flnence  of  these  factors  upon  blood-formation,  and  consequently  it  does 
not  exist."     Practical  experience  is  the  only  safe  guide,  and  it  presents 
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evidence  of  an  unmistakable  character.  We  would  also  mention  tbat 
in  1888  we  e?^ti mated  the  hemoglobin  in  a  large  number  of  children, 
before  and  after  their  Hummer  vacation,  at  Nauheim  ;  the  hemoglobin 
was  inereiisetl  in  every  eaj*e,  sometimes  to  quite  a  niarked  extent.  Un- 
fortunately, we  are  unable  to  find  the  records  of  these  percentages.  In 
praetiee,  those  children  who  t?eem  particularly  to  ueed  stren^hening 
and  stimulation  of  hematopoiesis  shotild  be  annually  sent  to  a  high  alti- 
tude, to  the  sea,  or  to  a  Inciility  where  liriue  batlis  may  Vu^  obtained* 
Those  higli  altitudes  which  also  have  bathing  facilitie^s  are  to  be  partic- 
ularly recommended.  To  attain  the  desired  result,  as  much  stress  is  to 
be  i>Iaced  upon  bathing  as  ujion  muscular  exercise,  Tliese  baths  should 
be  emiiloyed  not  cuily  during  t!ie  brief  summer  outing,  but  also  in 
ever)'day  life.  Ordinary  baths,  their  tem|^rature  not  exce^Kling  90.5® 
F,,  with  a  subsequent  cool  douche  or  shower,  may  be  employed ;  river 
baths,  swimming  baths,,  and  sjxinge  baths  are  also  to  be  recommended. 
The  physician  should  lie  warned  against  condemning  weakly  individuals 
to  hercac  cold-water  cures.  The  result  obtained  will  be  in  direct  op- 
position to  the  effect  desired. 

MENTAL  WORK  AND  THE  INFLUENCE  OF  THE  MINIX 
It  is  one  of  the  features  of  the  present  day  to  impose  a  large  amount 
of  study  and  the  acquirement  of  a  broader  eduratiun  upon  young  girls, 
that  they  may  be  better  fittetl  to  acquire  iude[)eudent  positions  for  them- 
selves in  the  battle  for  existence.  As  men  we  can  think  what  we  will 
of  the  "  new  woman  "  ;  but  as  physicians  it  is  our  duty  to  oppi>se  their 
advanced  theories,  Nu  one  will  deny  that  the  physical  and  mental 
growth  of  many  girls  is  quite  sufficient  to  stand  the  fatigue  and  exer- 
tion which  the  higher  education  and  the  learned  pnifessions  have  always 
been  accustomed  in  place  upon  the  gniwing  youths  of  the  male  sex.  In 
the  enormous  maj*>rity  of  young  girls  this  is  not  so.  We  should 
remember  that  the  greatest  demamls  ujw^n  girls  in  college  are  made  ici 
those  years  whicli  arc  of  far  greater  ini[>ortance  for  the  maturing  of  the 
female  body  than  are  any  years  for  the  growth  of  the  male  individual. 
In  view  <*f  the  frtnjuency  of  chlon*sis  in  girls  who  are  subjected  to 
physicjd  nr  mental  overexertion,  and  in  view  of  the  significmnee  which 
the  normal  mu taring  of  the  female  organism  lias  for  the  coming  genera- 
tions, the  jihysician  must  at  least  nvpiire  the  greal  majority  of  girls  to 
poritjxme  that  rigid  training  of  the  mind,  which  usually  reaches  its  acme 
in  boys  at  about  the  fifteenth  year,  imtil  a  considerably  later  peri***!. 
If  many  young  wumt-u  suffer  shipwreck  in  their  echication  iin4l  in  their 
mental  exertions,  the  blame  is  not  always  to  be  placed  upon  "  over- 


TREATMENT, 


483 


crowding,"  "competition/'  and  *Mhe  oi>j>o!?itioD  of  obsolete  ideas";  \n 
innuujeniUe  teases  it  is  due  rather  t<»  tlie  limits  which  the  female  body 
imposes  up<jii  tlie  progresBive  iii<lividuaK  If  the  pliysiciac  recognizes 
the  danger  in  tlie  iiKlividual  eaise,  and  if  hi-s  advice  is  of  influence,  he 
should  suggest  the  cfiurse  just  indie^ittnl  ;  he  will  then  frequently 
succeed  in  preventing  an  attaek  of  ehbjro^is. 

Growing  girls  sliould  alai>  be  protected  from  the  early  developmeDt 
of  a  sentimentiJ  iniagi nation.  If  thiii  is  neglec^ted^  much  harm  is 
aceomplitihi^.  As  phy«ieians  it  \^  our  duty  to  insist,  in  opposition  to 
the  vnshes  of  youth  and  of  many  an  injudicious  mother,  that  the  girls 
nbould  be  treated  as  children  as  long  as  {XJSBible,  and  not  as  *' young 
ladies/'  In  Germany  we  (xiuld  well  follow  the  good  old  English  cus- 
tonij  which  is  not  so  rigidly  atlhered  t^j  at  the  present  time,  of  not  only 
excluding  growing  girls  under  eiglitcen  from  fashionable  society,  excit- 
ing pleasures,  dances,  ami  the  tlieater,  but  to  keep  them  in  the  school 
room  until  this  time*  Why  premature  excitement  of  the  imagination, 
the  unnatural  development  of  the  sentimental  eharacteristies,  and  early 
love  affairs  are  injurious  to  the  healthy  development  of  the  body  is.  by 
no  means  clear.  The  facta  exist,  however,  and  we  can  not  afford  to 
ovexlook  them, 

THE  CDRSET-    CONSTIPATION- 

Although  we  do  not  agree  with  tliose  who  tnice  chlorosis  to  the 
wearing  of  c<»rsets,  nor  with  thosi;'  who  iK^lirve  that  the  disease  results 
from  constipation,  we  believe  that  bi>th  these  factons  are  deserving  of 
earnest  consideration,  since  they  directly  and  indirectly  prejudice  gen- 
eral  nutrition  and  favor  the  development  of  chlorosis. 

It  would  lje  useless  to  demand  the  alxilishraent  of  the  corset  on 
account  of  its  poii^sible  iryuriuus  efffcts,  sinre  it  is  ft>o!ish  to  require  the 
ejEecutioD  of  something  which  we  know  will  not  l»e  carried  out.  Our 
effortvS  should  be  directed  toward  that  which  may  be  attained.  Our 
suggestions  should  be  of  a  two-fold  ehumcter. 

!•  Young  girls  should  postjxme  the  use  of  corsets  as  long  as  pos- 
sible, not  employing  them  until  the  osseous  skeleton  is  completely 
developed.  This  will  prevent  the  great  majority  of  the  bad  effects  pro 
duecil  i»y  this  artiele  of  apparel,  and  |»attieularly  the  maltormation  of 
the  lower  aperture  of  the  thorax  {se<?  p.  410). 

2.  The  corset  shtMdd  be  N,*nsibly  con^=truetetl»  so  that  it  shall  accom- 
ino«Iatc  the  natuml  circumference  of  the  waist,  the  front  and  back  of 
the  corset  being  eonneetctl  by  elastic  side-pieces. 

The  tendency  to  constipation,  ol)served  in  older  chihlren  and  young 
girU  even  when  chlorosis  is  not  present,  would  be  greatly  dindniabed 
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if  inappropriate  corsets  were  forbidden.  It  would  also  be  lessened  if 
tlie  iiigi'stetl  fi>od  coutained  a  sofficient  quantity  of  vegeUibles  during 
childboixl  aod  tbe  entire  adolescent  i>eriod.^  We  have  already  pijinted 
out  other  grounds  for  the  necessity  of  such  a  diet.  Constipation  is  fre- 
quently an  inherited  affecti^m,  and,  should  it  make  its  appeamnce  in 
spite  of  tlie  rneasure.s  indicated,  it  should  receive  careful  systematic  die- 
tetic treatment  The  cautious  use  of  purgatives  can  not  be  avoided  in 
some  cases^.  We  will  return  to  this  point  when  we  discuss  the  treatment 
of  fully  develo|>ed  chlorosis. 

THE  PROPHYLACTIC  ADMINISTRATION  OF   IRON. 

There  seems  to  be  a  growing  pnicttce  of  giving  preparations  of  Iron 
to  girls  at  the  age  of  puberty,  even  thougli  they  may  be  in  perfect 
health.  This  is  true  particularly  in  those  families  the  elder  daughteiB 
of  which  bave  been  chloRitic.  Newspaper  advertiseraenf.s  which  herald 
this  or  ttiat  pre|*aratinn  exprei^sly  adv(x;ate  such  a  procedure.  Many 
individnais  arc  misled  by  .such  atlviee.  The  prophylactic  admini^ 
tration  of  iron  is  absolutely  useless  ;  it  acciimplii^hes  more  harm  than 
gc.Kjd.  It  docs  nut  preveut  the  development  of  chlorosis,  as  we  can 
testify  from  recent  expcrietire  in  such  cases*  The  great  ohjection 
to  tbe  procedure  is  that  the  individuals  soon  become  accustomed  to  the 
administration  of  iron.  W^ben  the  cblorc^sis  does  make  its  api>earanoe^ 
these  patients  have  consequently  been  robbeil  of  the  best  remetly.  The 
iron  fails  to  help  tliem,  just  as  is  tbe  ciise  in  patients  with  heart  disease 
who  have  become  accustomed  to  digitalis  and  who  can  expect  no  further 
beueUt  from  the  use  of  this  drug, 

THE  TREATMENT  OF  THE  DISEASE. 

The  trefitnient  of  chhimsis  will  be  discussed  under  the  following 
headings : 

1.  Tlie  methods  which  stimulate  heniatopiiiesis.  Those  measureii 
will  he  considered  which  exclusively  or  largely  meet  this  indication. 

2.  Hygienic  and  dietetic  accessory  measures  which  improve  tbe 
general  condition  of  nutrition  and  strength*  They  are  adjuvants  to  the 
previously  mentioned  methods. 

3.  Special  methods  which  are  indicated  by  the  presence  of  complica- 
tions (symptomatic  treatment). 

THE  METHODS  WHICH  STIMULATE  HEMATOPOIESIS- 
The  Admitiistration  of  Iron. — ^Not  long  since  Runge  claimed 

that  the  entire  tcticbing  of  tlie  curative  eH'ect  nf  iron  in  cldi»h)>is  n^^ted 
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upon  a  very  weak  foundation,  that  such  a  curative  effect  probably  does 
nut  exist  at  all,  and  that  all  tlie  results  of  the  administmtion  of  inm 
were  <lue  to  the  influence  of  **  i^uggestion/'  According  to  Buuge,  tlie 
physictanri  tlieinselves  have  mistaken  the  curative  action  of  suggestion 
for  the  curative  action  of  irou.  Thei>e  8tatement8  were  stoutly  contra* 
dieted  at  the  Congresyi  of  luternal  Malieine  at  which  Bunge  read  his 
pajx^r.  In  the  name  o(  generations  of  physio ian.s  we  also  must  protest 
against  this  dogmatic  criticism.  The  main  evidence  upon  which  our 
decision  is  based  is  not  the  physioh>gic  investigations  aiul  the  relatively 
scanty  records  of  the  incr(?asc  of  hemoglobin  and  oorpuseles  upon  the 
administration  of  iron  ^  (Griibcrj  Hay  em,  Jaquet,  Lmichcj  v*  Lim- 
beck, Oppenhcimer,  Reinert,  Schcrpf,  R.  Stockman).  We  UQvd  no 
quantitative  examination  of  the  bloiwl  U\  prove  tbe  results  obtained ; 
every  physicii^n  and  every  layman  who  has  eyes  to  see  and  who  does 
not  voluntarily  look  in  other  directions  knows  from  personal  and  con- 
stantly re|>Kited  experience  the  curative  action  of  iron  and  considers  it 
as  an  assurf?d  acq  nisi  tion  to  niedicid  art.  The  physician,  it  is  true, 
knows  that  iron  is  not  a  universid  remedy  for  chlorosis ;  he  knows  that 
it  sometimes  iails  c*jmpletely,  and  that  in  other  cases  the  desired  effect 
is  obtainetl  only  when  the  administration  of  iron  is  ace<>mpanie*:l  by 
other  meiisures  which  remove  the  obstacles  iu  the  path  of  rci-ovory. 
We  are  indebted  to  the  weighty  recommendations  of  F.  v.  Nieniever 
for  the  general  introduction  of  iron  thenipv  into  Germany,  since  he 
iepeat€<lly  pjinted  out  that  the  majority  of  the  cases  of  chlorosis  c<iuld 
be  curtHi  by  the  aduiinistmtion  of  imn  without  the  additional  aid  of 
dietetic  and  hygienic  measures,  'With  the  exception  of  certain  indi- 
viduals, every  clinician  and  pmctiail  physirian  of  the  present  day 
recognizes  the  importance  of  iron  in  the  treatment  of  chlorosis.  Differ- 
ences of  opinion  exist  only  as  to  whether  iron  [assesses  a  specitic 
curative  influence — <.  e*,  whether  it  can  be  replaced  by  other  drugs  or 
therapeutic  measurers,  and  as  to  whether  we  slionld  confine  ourselves  to 
the  iron  treatment,  as  recommended  by  v.  Niemeyer,  or  combine  it 
with  other  methods. 

Recognizing  the  curative  influence  of  iron,  but  not  regarding  the 
iron  therapy  as  an  infallible  and  indispensable  specific  at  all  times,  we 
will  now  devote  our  attention  more  closely  to  thf  manner  of  its  influ- 
encse^  to  the  indications  for  the  remedy,  and  to  the  methods  of  its  admin^ 
istration. 

Mow  Does  Iron  Act  in  Chlorosis? — The  original  answer  to  this 
question,  made  upon  the  discovery  of  the  atom  of  iron  in  the  hemo- 
globin molecule,  was  as  follows ;  There  is  a  lack  of  iron  in  the  bodies 
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of  chloroticsj  and  they  are  consequently  unable  to  produce  hemoglobin  ; 
if  the  iron  is  supplied  by  raedkdnal  administratiou,  the  body  ravenously 
seizes  uptm  the  metal  and  employs  it  in  the  ftirmation  of  hemoglobin. 
In  apparently  unanswerable  contradiction  to  this  view  is  the  fact  that 
most  girls  becjome  chlorotic  althougli  they  eat  well  and  ingest  large 
quantities  of  iron  (the  coH:*alI(Hl  ferruginous  nucleo-albumios)  with  their 
fouil.  In  a  small  number  of  instances  this  may  not  be  the  case,  as  we 
have  already  pointed  ont  (see  p,  480),  but  these  are  the  exceptions- 
Even  during  ehlorosis  the  quantity  of  food  ingested  is  usually  sufficient 
to  maintain  or  increase  tlie  body-weight  ;  under  such  conditions  there 
can  be  no  lack  of  iron*  These  patients,  nevertheless,  bet^:>me  chhirotic 
and  remain  chlorotic.  These  facte  have  long  been  reooguized,  and  it  is 
DO  longer  doubted  that  girls  deveh>ping  chlomsis,  and  chlorotie^  tliem- 
selves,  usually  receive  just  as  much  iron  in  their  fo<:>d  as  a  healthy 
individual  requires  to  maintain  an  tHiuilibrium  of  iron.  Accessoiy 
hypotheses  have  consequently  l>een  ofl'ered  in  suf>port  of  the  old  theor}% 
One  of  these  (Kletzinsky  ^)  supposes  that  medicinal  iron  has  a  stimu- 
lating eflt'ct  upon  the  gastro-intestinal  wall,  which  increases  its  digestive 
and  absorptive  power ;  the  hypothesis  is  untenable,  since  chlorotdcs 
absorb  their  fmxl  in  a  normal  manner  withrmt  this  '*  stimulant  '*  (see  p. 
422).  Another  accessory  hypothesis  (Bunge  *^^)  is  based  upon  the  sup- 
position of  an  increased  putrefaction  of  the  album ins»  and  has  since 
been  given  up  as  fallacious,  even  by  its  author  (see  p.  410).  To-day 
the  thet^ry  of  the  dinunished  ingestion  and  absorptif>n  of  iron,  and  also 
the  thecjry  of  the  reparation  of  the  deficit  by  medicinal  iron,  have  been 
completely  abandoned.  The  important  and  interesting  discovery  by 
Kunkel'^  that,  under  certain  circumstances,  metallic  iron  may  aid  in 
the  regenenition  of  the  blood,  only  apparently  favors  these  theories ; 
Kunkel's  experiments  simply  show  that,  where  there  is  an  actual  de- 
ficiency and  a  demand  for  iron  as  a  result  of  a  diet  containing  too  little 
of  this  metal  and  of  a  marked  withdrawal  of  bhiod,  metallic  iron  is  a 
valuable  accessory.  These  experiments,  however,  have  n«>t  the  slighest 
relation  to  chlorosis,  ainoe  in  this  dUease  a  lack  of  iron  in  the  diet  is 
not  even  to  be  considered.  The  many  secondarT  anemias,  and  even 
pernicious  anemia,  could  be  as  correctly  traced  to  a  deficient  amount  of 
iron.  To  prove  how  little  a  deficiency  of  iron  has  to  do  with  chlorosis, 
we  could  also  recall  the  fact  that  may  chlorotics  make  uninterrupted 
recoveries  without  increasing  the  amount  of  ingested  in>n  by  the  mwlici- 
nal  administration  of  the  metal,  and  that  the  recovery  may  be  materi- 
ally jn'celerated  by  other  methmls  than  the  iron  therapy. 

We  consequently  arrive  at  the  conclusion   that  chlorotics  receive 
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enough  ferniginoiis  nucleo-albumins  in  their  diet,  and  also  absorb  theni, 
but  that  they  are  not  lUiliztMl  for  tlie  replacement  of  the  benioglobin 
coDsumeti,  Why  iire  they  nut  einploytHl  ?  We  must  remeraWr  that 
blooil-formution  is  diminished  in  chlomtics,  and  must,  moreuver^  recog- 
Dize  that  only  a  deficient  function,  a  diminution  of  the  enei^y  of 
growth  of  the  heraat*:»po!e:tic  orj^.ins,  is  re.sponrfif>le  for  allowing  the 
hluoil^  with  liberal  amounts  of  tlie  ferruginous  nucleo-albuniins,  to  jmss 
through  the  system  unutilized.  We  see  the  same  thing  in  rachitis, 
where  the  cartilages  and  the  atrophie  muscles  are  not  able  to  assimilate 
the  calcium  salts  and  the  albuminous  substances  which  are  always  pres- 
ent. As  soon  as  we  trace  chlorosis  to  a  functional  weakness  of  the 
hematopoietic  organs,  we  exclude  the  theory  that  a  lack  of  iron  causoB 
the  hemoglobin  tnipovrrishmcnt  of  ehl orotic  blood,  and  that  the  admin- 
istration of  Iron  alone  is  necessary  fiir  the  replacement  of  the  hemoglo- 
bin. Strangely  enough  the  contradictifm  of  the  two  theories  has 
remained  unreajgnizecl  by  many  authiirs  and  others,  who  clearly  appre- 
ciated the  C4intradiction  (Immerman,  for  example),  but  who  have  never- 
theless failed  to  discover  any  sufficient  explanation  for  the  efficiency  of 
the  imn. 

We  l>elieve  that  w^e  were  justifia-1  by  the  facts  and  by  the  theoretic 
requirements  when  we  formulated  the  following  hypotheses  :  ^** 

L  In  chlorosis  the  pathologic  diminution  of  the  reproductive  ability 
of  the  hematopoietic  oi'gans  must  be  ov^ercorae  by  a  certain  stimulation. 
There  are  many  stimuli  which  are  capable  of  producing  the  desired 
result.      In  the  first  place  we  will  eonline  our  attention  to  irou, 

2.  The  salts  of  iron  circulating  in  the  blood  (medicinal  iron)  exert 
I  cM  powerful  stimulus  upon  the  Ijematopoietic  cells  of  the  bone-marrow, 

and  the  result  of  this  stimulation  is  an  improvement  of  the  cpiality  of 
the  blood. 

3.  On  the  contrary,  the  ferruginous  nucleo-albumins  and  the  pro- 
teids»  which  gain  ac<?ess  to  the  bloody  exert  a  much  weaker  stimulus  ; 
this  stimulus  is  so  slight  that  the  ferruginous  nucleo^albumins,  which 
Kve  prejient  in  the  diet  in  relatively  small  quantities,  are  not  sufficient 
to  overcome  the  sluggislincss  of  the  liematop^ietic  organs. 

4.  In  atldition  to  the  a<lminist ration  of  ir«>n,  there  are  numerous 
other  prfK'edurcs  wliicli  also  have  a  stimulating  effect  uptm  tlie  hemato- 
[Kiietic  organs,  and  which  cimsequently  prove  themselves*  curative  in 
cblom^is. 

As  a  supplement  to  these  statements,  it  should  \m  tnenti^jued  that 
the  ferniginous  nuckHi-albumius  evidently  exert  some  stiuuilating  effect 
upon  tlie  hematopoietic  organs,  since  their  administration  in  large  quan- 
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title?  has  even  been  followed  by  recovery.  We  occasionally  hear  of 
good  results  from  ihe  drinking  of  blood,  which  at  one  time  was  quite 
fashioniible  among  the  young  Parisian  women*  Hemoglol>iD,  hemo- 
gallol,  hemol,  and  hematogen  have  ako  been  reconimendeth  In  all  these 
subs  tan  cert  the  iron  is  combined  in  the  t^arae  manner  as  it  is  in  the  fer- 
ruginous proteids  ;  carniferrin  assumes  more  of  an  intermediate  position  ; 
while  ferratiuj  which  has  recently  received  much  attention^  closely 
approaches  to  the  salts  of  iron,  since  the  gastric  hydrochloric  acid  com- 
bines witti  it  to  form  an  iron  salt  as  soon  as  it  enters  the  stomach.  The 
majority  of  these  remedies  reijuire  an  ingenious  advertisement  before 
they  are  very  generally  emphiyed.  If  we  were  to  believe  these  enoo- 
miums,  it  >vouUl  seem  as  tlMniijh  we  had  actually  hK*en  unable  to  cure  any 
cases  of  chhirosis  before  tlie  discovery  of  these  substances.  In  the  face 
of  the  enthusiastic  recommendation  of  the  feiTUginous  [iroteids  and  of 
the  adverse  criticism  of  the  salts  of  iron,  v.  Nieraeyer's  eulogiimi 
of  Bhiud^s  pills  seems  like  an  ancient  chimera. 

If  we  exphiin  the  cumtive  action  of  ir<in  only  by  its  stimulating 
effect  upon  the  hematoi>oietic  organs,  we  have  no  difficulty  in  under^ 
standing  why  some  cases  can  be  cui-ed  in  practice  without  the  ad  minis- 
tnition  of  iron.  In  all  other  euiiitive  methods  which  may  be  considered 
in  chlorosis,  the  stimulating  efl^ect  ujion  hematopoiesis  must  always  be 
at?cepted  as  the  supposed  cause  of  i^eooveryj  since  tliese  methods  have 
nothing  to  do  with  the  chemic  construction  of  the  mohrule  of  henjo- 
globin*  A  similar  explanation  will  not  be  accepted  for  iron,  because 
the  chemic  relations  of  iron  to  the  liemoglobin  always  stare  us  in  the 
face  and,  according  to  our  opinion,  obscure  the  true  condition  of  affairs. 
According  to  our  views,  iron  is  but  one  of  many  medicinal  and  hygienic 
remedies  which  are  capalile  of  stimulating  the  hematopoietic  organs, 
and  not  the  slightest  weight  is  to  be  placed  upon  its  chemic  relations 
to  the  hemoglobin  molecide.  In  addition  to  iron,  we  will  consequently 
consider  the  employment  of  ccrtxiin  other  ]>rocedures  which  are  closely 
relat€»d  to  this  metal  in  their  influence  upon  the  licmato{K>ietic  organs. 

The  Preparations  of  Iron.^ — Metallic  iron  and  the  ferrous  and  ferric 
salts  were  the  only  forms  in  whitsh  inm  was  ft»rmerly  emi>lf>yed*  The 
ferrous  salts  were  preferiTHl,  since  they  st*emed  to  be  less  irritating  to 
the  gastric  mucous  meml^ranc.  Vpon  their  entrance  into  the  stomach, 
all  of  these  preparations  of  iron  are  convertitl  into  ferric  salts  by  the 
action  of  the  acids;  it  Is  likely  that  a  certain  portion  is  immediately 
utilized  in  the  fonnation  of  albuminates  of  iron.  The  combinations  of 
the  albuminates  and  peptonates  of  mm  bebave  in  almost  the  siime  man- 
ner.    They  are  either  immediately  or  gradually  attacked  by  the  hydrci- 
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cbloric  acid ;  ferric  ehlorid  arises,  as  do  also  new  albumimitGS  ;  a  portion 
of  the  original  crjuibination  may  also  remain  unt'buiigetl.  Ferrutin 
behaves  in  a  similar  manner  to  tbe  many  inorganic  and  urganic  salts 
of  iron,  since  it  is  finally  acted  upon  by  the  hydrochloric  acid,  although 
it  resists  this  action  for  a  longer  jjeriod  oi'  time. 

Nothing  definite  is  known  as  tu  the  form  in  which  the  iron  ptissea 
through  the  intestinal  walh  We  kuow  only  that  the  iron  is  present  in 
tbe  mucous  membrane,  in  a  cooibination  which  is  immediately  decom- 
posed by  ammonium  suli)hid  (see  p.  453)  ;  whether  the  iron  is  cr^m- 
binecl  with  acids,  with  carboljyd rates,  or,  as  Ooetta^^  snppt>ses,  with  an 
alliuminous  body,  5s  a  question  which  must  be  still  further  investigated. 
After  the  iron  is  ahsorbeil  and  dt'pnsite*!  in  the  tissues,  ferratin  is 
formed — at  least  to  a  certain  extent  (Cloetta^). 

The  f( allowing  groups  uf  preparations  ai'e  employed  in  the  admin- 
istration of  iron  :  1.  Metallic  iron,  or  iron  by  hydrogen.  2.  Inoi^nie 
and  organic  ferrous  -alts,  or  their  solutions  and  tinctures,  3.  Inorganic 
and  org-anic  ferric  salts,  or  their  solutions  and  tinctures.  4.  Simple 
combinations  of  the  albuminates  and  peptonates  of  iron.  Whih^  they 
are  still  in  tlie  stomach  the  acid  rejidily  combines  with  the  majority  of 
these  preparatitms  and  true  salts  of  iron  are  formed.  5.  Organic  com- 
pounds of  iron,  in  which  the  hydroehhiric  acid  of  the  stomach  is  either 
totally  unable  to  seize  upon  the  atom  of  iron  or  can  do  so  only  after  pro- 
longed action.  This  class  includes  tbe  (»rdinary  ferrn^inons  nucleo- 
albumins.  The  preparations  ilcserving  particular  mention  are  carni- 
ferrin,  with  30  per  cent.,  and  ferratin,  with  6  to  7  per  cent.,  each,  of 
metallic  iron.  The  remaining  substances  contain  a  much  less  quantity 
of  the  metid  ;  we  will  give  the  qnantities  which  represent  0.1  gm.  (gr* 
iss)  of  metallic  iron  (partly  quoted  from  Quincke^): 

Carniferriri   ,    ,    . , ,   ,   .   .   .      0.33  gOL 

Femiliii  (avenifre) - 1,54  " 

Spieoferrin  wihiiion  (Stmhachein)  ,    . 15»40  " 

Biiinoferrin  sin-chxtmi 20. CK)  " 

HemolVrruMi  (StLiima)      "iU.On  ** 

l£eii*«»gl<»bifi     ..,.,. 23.3(1  " 

Iron  vilellinulo  (Groppler) 25.00  " 

IleniopilUtl  iKolMirt; r.-i^TO  *' 

Hemt»l  (Knhen) ;;sAm  ** 

llemofrint)!!!  Lxtnifi  (Pfeaflfer) -    71  fM)  " 

Heniatngen  (Hommel) 142  00  " 

BlcKxl 16(101)  ** 

Sftng.iinid  (Krt'wel) 250.00  « 

Iltmiilbumin  iDabmen)    ,    , .277,00  " 

ChlorophjU  (H.  Weiss) 


It  is  claimed  that  particularly  the  highly  oonstitntecl  combinations 
of  iron  are  readOy  absorbed ;  thia  seems  to  be  actually  true  of  ferratin, 
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carniferriD,  and  hemogallol.     Proof  of  tlie    ready  absorption    of  the 
remaiiuliT  ha^  not  :ls  yet  been  fiiniished* 

It  if?  specially  iK>inted  out  that  the  iron  contained  in  the&e  substances  ' 
is  not  only  in  a  readily  absorbable  form,  but  that  it  is  particularly 
adapted  to  assimilatinn.  We  can  not  see  any  advantage  in  these  char- 
aeteristies,  sinee  we  have  previously  emphasized  the  fact  that  the  diet 
of  chlorotics  is  not  wanting  in  assimilable  iron.  We  must  even  raise 
tlje  question  as  to  whether  those  preparations  which  do  not  give  up 
their  iron,  either  in  the  intestinal  canal  or  in  the  circulation,  are  not 
lacking  in  their  stimulating  effects  upon  the  hematopoietic  org:\ns,  and 
consequently  in  their  curative  etfectj*.  Four  years  ago  we"^  expressed 
such  an  opinioUj  and  Quincke^**  recently  seems  inclined  to  view  the 
subjei't  ironi  the  same  standpoint.  Our  decision  must  naturally  be 
bascJ  u|jf)u  practicid  results.  Since  mily  large  tloses  of  the  other  pref«a- 
rations  of  iron  have  beneficial  and  certain  effects,  we  should  be  inclined 
t4i  prefer  those  substances  in  the  preceding  tal»le  which  amtain  the 
largest  quantity  of  iron  in  the  smallest  volume.  We  may  consider  0.1 
gm.  (gr,  iss)  of  metallic  iron  as  the  minimum  dose  per  day;  the  calou* 
lations  of  the  precwlinir  table  are  biised  upon  this  amount, 

6,  Natural  chalybeate  springs, 

(rt)  Chalybeate  springs  which  contain  bicarbonate  of  iron  together 
with  an  excess  of  carbonic  acifL  In  the  following  table  are  recorded 
the  amounts  of  inm  found  in  the  most  ini|>ortaMt  chalybeate  springs 
(**  Stahtqut^llen  ^')  of  Europe.  The  quantities  designated  are  those 
found  in  one  liter  j  the  table  is  taken  fnmi  Kisi-h's  collection  in  the  , 
"Realeucyklopadie"  (III.  Aufl.,  Bd.  6,  S.  339,  1895): 

AutiTga^t  (Trinkqnelle) 0.039  ^fiiu 

BiirtMd  (Ilaiiptquelle) 0.087  " 

Bocklet    ,    .    .    . <-M)87  « 

Briickenflu ....  0.012  »* 

rudnwa  (Eiip^nqiielle) 0.066  ** 

DrilMir^aiQiij>t4iueIle) 0.074  " 

Elslcr  (M-.ri3W|iielle)     ,    . O.08<i  ** 

Franzensbad  (Stahlijuelle)      .........  0.078  " 

Grie-sbach  ( Antrmuis<|iielle) .0.078  ** 

Hoinburg  iStalilqutak')    . .0.098  " 

Imnau  (<  ad(Mirtjiielle) 0.052  ** 

LiebenMein  (Neue  Quelle)      0.081  " 

Marienljod  ( AmbrciFiiiwjuelle) 0.166  ** 

Petersthjil  (Fetemiuelle) 0.046  ** 

Pyrmonl  (Haiipmielk) 0.077  " 

RVmem  f  Lane  Quelled     ...........  0.052   « 

Kip|K>klHaa  OVenztlNiiielle) 0.004  " 

Sob waI Well  jSUihlbninnen)    ............      0.084  ** 

Spua  (Pmibnn^ 0.047  ** 

St.  Mom  (Neue  Quelle  and  Pkracelsusqaelle)    .    .    .0,028-0.029  " 

Kteben  (TemT>e1timOk*) 0.070  " 

TeiimcU(Wi*»enqueUe) •   ,   .    .  0.081  *• 
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(6)  Chalylx^te  springs  which  cotLtain  sulphate  of  iron.  The  fol- 
lowing table  re<x)r(k  the  amount  of  sulphate  of  iron  contained  in  one 

liter : 

Aleibbad ,    ,  0.056  gm. 

Leviw  ttstarkwaJBer)    ...,».  3,869  "    (confadnB  much  awenic). 

Mitterbud .    ,    .    .  O.UQ  " 

Mufikati        0.090  ** 

Hatzei 0/298  " 

RonceKDo     .    .    ,    . 3.037  "    (contains  much  araenic). 

Rtinneby  (NeueQadle) Z496  " 

fesr^breriica  (Guber«|uelle)      .    .    .    .0.373  "     (ccDtainB  areenic). 

The  greatest  weight  mn^t  l>e  laid  upon  the  general  ejcperienoe  of 
poysicians,  and,  aooording  to  this  sUmdard^  metallic  iron,  the  simple 
organic  and  inorganic  salts  of  the  metal,  and  the  chalybeate  waters  con- 
taining carbonate  of  imn,  are  undoubtedly  to  be  tIesignat4H.l  as  thoee 
which  have  produced  the  surest  and  most  numeroujs  cures.  Next  to 
these  in  efficiency  are  the  waters  containing  sulphate  of  iron,  and  <inly 
the  thinl  place  is  to  be  assigned  to  the  complicated  ferruginous  combina- 
tJans^  the  discovery  and  recommendation  of  which  rest  largely  upon  the 
erroneous  supposition  that  the  salts  of  iron  are  not  absorbed  and  are 
unable  to  do  gcKxI.  Our  experience  is  not  yet  extensive  enough  to 
enable  us  to  siiy  which  of  these  preparations  will  acquire  the  same  popu- 
larity as  that  enjoyed  by  the  old  and  well-tried  salts  of  iron.  Accord- 
ing to  our  personal  opinion  we  may  give  a  good  prognosis  for  ferratin, 
and  particularly  for  <3arniferrin.  Disregarding  the  favorable  reports 
and  our  own  clinical  observations,  our  opinion  is  influenced  by  the  fact 
thati  when  well  home,  they  can  readily  supply  the  btxly  with  large 
quantities  of  iron. 

Practical  Ryfes  for  the  Administration  of  Iron. — If  good  results 
are  to  be  obtained  by  the  administration  of  iron,  there  are  several  points 
to  be  ciirefully  observed, 

1.  The  most  important  of  these  is  not  to  prescribe  the  iron  in  too 
small  a  dose.  This  requisite  of  successful  treatment,  tirst  pointed  out 
and  repeatedly  emphasize<l  by  Immermann,*  is  now  recognized  by  the 
majority  of  physicians.  We  agree  with  <iuincke^  in  regarding  0.1 
gm.  (gr.  iss)  of  nietidlic  iron  as  the  average  daily  dose.  (Special  refer- 
ence to  chalybeate  waters  will  be  found  on  p.  495.) 

According  to  Quincke,^*'*  0.1  gm.  of  metallic  iron  is  contained  in 
the  following  quantities  of  the  iron  preparations  of  the  German  Phar* 
macopeia : 

Perr.  hTdroir.  red.  .    *   . 0.10  gr. 

Ferr.  8U»fiirat 0.16    " 

Ferr.  catrb.   oxydiikt O/iO    " 

Ferr.  aesquieblorat  ,..*.. 0.30    " 

Ferr.  sulfur,  oxydat, 0.36    " 
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Ferr,  suit  oxydulat ,    ,    .    .  0.50  gr, 

Ferr.  lai-t.  oxyduljit. 0.50    " 

Ferr,  carbon,  taifchiir.  ,   ,    * 1,00    ** 

Tim  L  iVrr.  rqhL  aHli 2.60    " 

Titict  ferr.  chlur. 2.80    ^ 

Fern  i>eptoiiat.  (Dieterich.) 4M    " 

Tinet.  l\irr.  piminU         7.00    " 

TineU  fern  ch lor.  a?th. 10.00    " 

8ynip.  ferr,  jocbt ILOO    " 

Liqu.  ferr.  albtixii.  (Fharrii.) 25.00    ** 

Essence  «f  iron  |>ept4:>rmte  (ristai la.)     .....  25.00    ** 

Tim'L  ferr.  coinp.  (AthenstJidt.) 50.00    *' 

Pil.  ferr.  aloei.  (0.0;J  gr.  FeJ Z-A  pilk. 

Fil  ferr.  carlx>n.  (0.02  gr.  Fe.) fi  pilts  (Blaud's  pUls). 

Thi.s  table  i?^  to  be  comparec)  with  the  table  of  the  fexruginous  organic 
oombiDatioiis  upon  page  489* 

It  is  advisable  to  begin  with  small  do.ses  (about  0.05  gm.  ^  ^  of  a 
gr.  of  metallic  iron  daily),  and  then  to  increase  the  daily  amount 
rapidly  to  0.1—0.15  gni.  (IJ— 2J^  &^*)t  ^  chrooie  cases  it  may  some- 
times l)e  farther  increased  to  0.2  gm.  (3J  gr.).  It  still  seems  to  us  that 
pills  are  the  mos^t  appropriate  form  of  administration,  although  there  is 
no  objection  to  liqn.  ferri,  alburn,^  or  to  Pizzala's  popular  essence  of 
iron  peptonate*  Every  physician  ba.s  liis  favorite  prescription,  and  this 
fact  itself  shows  how  little  depends  U|X)n  the  }>artieular  prepamtion  em- 
ployed. Tlie  arithor^  have  long  preferred  Blaud's  pills,  or  the  follow- 
ing prescription  containing  iron  by  hydrogen  : 

E  .^Ferri  re<lTicti -    5  gm.  (gr.  Ixxt). 

ExL  gljeyrThisae q.  a. 

M,  et  fL  in  juL  No.  C. 
Sig.— One  to  four  pilla  daily. 

The  pills  should  be  taken  after  meals,  to  avoid  irritation  of 
the  stomach-  The  same  precaution  is  to  be  observed  with  the  otlier 
salts  of  iron,  and  also  with  the  artificial  solid  and  liquid  femi^nmis 
preparations.  If  strict  attention  is  paid  to  this  point,  the  pUls  of  in>a 
will  always  be  well  borne.  There  may  be  some  temporary  difficulty, 
but  tills  will  soon  disappear.  If  the  pills  are  stopped,  or  replaced  by 
others  of  an  indifferent  character,  the  disturbances  do  not  immetliately 
pass  away ;  they  depend  more  upon  the  chh>rf)sis  than  they  do  upon 
the  iron*  We  do  not  believe  that  any  actual  difference  of  tt)leniti(»n 
has  been  proved  to  exist  for  this  or  that  preparation  ;  in  making  this 
fitatement  it  is  assumed  that  the  simple  preparations  are  employed »  and 
not  tliose  which  irritate  on  account  of  their  other  ingredients  (ethereal 
tinctures). 

2.  The  second  important  nile  is  that  the  administration  of  iivjn 
should  be  slowly,  never  suddenly,  discontinued.  Afker  the  maximum 
"  Pte pared  according  to  the  German  Pbarmacopeia. 
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quantity  has  been  given  for  some  time  tlie  done  .^^IkhjM  l>e  gnuliially 
ditu  ill  Lulled,  80  that  the  iron  is  not  entirely  dispen.sed  with  tintil  a 
period  of  about  two  weeLs  has  elapsed.  During  this  period  of  the 
diminution  of  the  dose,  either  the  original  prepararation  may  be  ad- 
min istercnl  or  it  may  be  replaced  by  the  tinctures  containing  a  smaller 
<|uantity  of  ircm*     We  prefer  tlie  former  method. 

3.  There  must  be  no  interruptions  or  irregular itie?  in  the  adniinis- 
tration  of  in>n.  Chloroties  frefpiently  take  iron  voluntarily,  but  they 
do  yo  inx^gtdarly  and  do  nut  adhere  to  a  uniform  d«»se.  In  other  cases 
the  patienti!  frequently  forget  to  take  the  iron  ;  when  they  feeJ  the 
effects  of  their  neglect  they  increase  the  amount  far  beyond  the  pre- 
scribed doj^e,  in  order  to  e^jualize  matter?.  In  such  instances  failures 
are  not  surprising,  j^ince  recovery  follows  only  absolute  regularity.  A 
treatment  that  is  frequently  interrupted  does  more  harm  than  g<R»d  :  it 
dulls  the  organism  to  the  stimulatiiig  action  of  the  iron,  so  that  even  a 
subsequent  properly  observed  iron  therapy  is  unsuccesrfuL  It  is  fre- 
quently asked  whether  the  pills  of  irtju  are  to  be  omitted  during  the 
meustrual  period  ;  this  qucstitm  is  to  be  unhesitatingly  answered  in  the 
negative.  We  have  never  tliscuntinued  the  administratiun  of  inm  at 
this  time,  and  liave  never  seen  any  disa*lvautagcous  results. 

4.  The  duration  of  the  administmtioo  of  iron  should  l>e  limitedi 
We  should  ordinarily  calculate  u]>on  a  [period  iif  six  weeks — one  week 
for  the  gradual  inrrease  of  tlie  dose,  three  weeks  for  the  administration 
of  the  maximum  quantity,  and  two  weeks  for  tlie  gradual  discontinu- 
ance of  the  nieilicatiou.  In  the  milder  tbrms  of  the  disease  complete 
recfjvery  will  Ix*  attnitied  in  this  time.  Improvement  fs  notinl  within 
a  few  days,  not  in  the  ((uulity  of  the  blotxl,  but  in  the  disappearam^ 
of  the  subjective  disturbances.  In  more  obstinate  eases  we  gain  noth- 
ing by  prolonging  the  time  of  administration  ;  it  is  advisable  to  inter- 
nipt  the  treatment  for  three  or  four  wcn^ks  and  then  to  begin  again.  In 
the  mtnuitimc,  exacerbations  frequently  make  their  a}>pcanmec%  \n\i  the 
second  periml  of  administration  is  much  more  likely  tn  cure  the  chlorosis. 

5.  In  many  cases  of  pure  ehhirosis  the  administration  of  iron  is 
followed  by  a  negative  or  highly  unstitisflietory  ivsult.  These  cjises 
are  not  always  those  whicli  seem  to  l)e  the  sever<.^st ;  they  are  frequently 
ratlier  mild  types  of  the  diseas*\  If  no  improvement  is  uotitl  after  an 
apprciprlate  iron  tfierapy  has  l>een  conscientiously  carrittl  out  for  several 
weeks,  and  if  a  second  peritxl  of  atlministnition  of  iron  firepanitions  or 
chalybeate  waters  is  also  unsuccessful,  it  is  unreasonable  to  attempt  to 
force  a  cure  by  continuing  the  iron  or  by  inen^asing  the  dow».  Other 
methiwls  of  treatment  nmst   be  ado|>tiHL     Sometimes  thcs**  may  also  be 
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ungnocjessfiil,  for  there  are  cases  in  wbich  the  weakness  of  the  hema- 
topKjietic  organs  is  j^o  ^reat  that  the  eondition  will  not  res^wud  to  any 
remedy  whatever.  These  ease,H  are  nearly  always  due  to  a  congenital 
hypoplasia  of  the  bematojK>ietie  organs,  pnibahly  associated  with  other 
hyiMiplasias. 

6*  As  a  rxdej  chlorotic  recurrences  are  more  resistant  to  ircm  than 
are  the  primary  attacks.  In  the  treatment  of  recnrrences  we  are  more 
frequently  forced  to  give  up  the  adrninistmtion  of  iron  and  resort  to 
other  thenijxjutic  nieasures, 

7*  Iron  is  contra-indicated  in  an  individual  case  if  its  administra- 
tion is  followed  by  a  negative  result.  Re|jetitions  of  the  periods  of 
adrninistmtion  simply  serve  to  prolong  the  course  of  the  disease.  Before 
we  conclude  that  a  case  is  absolutely  refractory  to  iron^  however,  we 
mast  know  that  the  iron  has  been  conscientiously  administered  acxxird- 
ing  to  the  principles  which  hive  just  been  indiciited.  No  weight  is  to 
l»e  placed  upon  the  simple  stiitemeut  of  the  patient  that  iron  has  not 
helped  her,  although  she  has  tiiken  it  in  large  quantities  for  along  period 
of  time.  Tn  the  majority  of  instances  this  means  that  tlie  patient  has 
indeed  taken  large  doses  of  iron,  but  she  has  done  so  irregularly  and 
the  body  fails  to  n^spond  to  the  further  administration  of  the  metab 
In  such  a  case  the  iron  k  to  be  discontinued  for  about  four  weeks  and 
systematic  treatment  is  then  to  Ije  instituted.  Beftfre  we  assume  that 
iron  is  itieflwtual  a  course  of  tlie  chalybeate  waters  should  be  recom- 
mendedj  since  it  frequently  hapjicns  that  these  waters  are  beneficial 
where  the  pills  of  iron  have  failed.  If  these  measures  have  been 
exhausted,  the  further  administration  of  iron  is  certainly  contra* 
indicated. 

We  must  also  consider  iron  contra- indicated  in  those  cases  in  which 
it  is  badly  borne  by  the  stomach  and  intestine,  causing  lx*lehiugj  nausea, 
vomiting,  gastric  pain,  and  diarrhcii.  If  these  symptoms  jjrescnt  them- 
selves we  might  speak  of  an  idiosyncrasy  for  iron,  and  such  cases  have 
been  fi-equently  reported.  The  author,  personally,  has  never  en- 
countcre<l  them  ;  where  such  complaints  existed  the  iron  bad  always 
bi^^n  given  in  unreasonably  large  doses  or  the  proper  time  (af^er  meals'^ 
had  not  l)een  chosen  for  its  admin istmtion. 

If  an  idiosyncrasy  for  inm  is  actually  present,  or  if  other  contra- 
indications exist  to  its  admiuistnifion  Ivy  the  mouth — Gastric  Clcer  (see 
p.  463) ;  markefl  vomiting,  so  that  abscjrption  is  questionable ;  pmnouneed 
diarrliea— the  metal  may  be  injected  subcutaneously.  Such  a  course 
shiddil  lie  |iostf¥>ne<l  ns  long  as  possible,  since  toxic  effects  have  been 
ascribed  t^>  the  sulx'utiineous  administration  of  the  remedy.     We  have 
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had  no  ex[ierience  with  this  fbroi  i>f  inm  thempy,  ami  n>nse(Hiently 
ri'fer  the  reader  tx)  the  publit^itioiis  t>f  Quinekej  wlm  ohtaiiieiJ  good 
results  from  the  injeetion  of  a  ;'3  per  cenL  sohitioii  of  the  eitmte  (0.05- 
0,1  gra.  3=  |-|  gr.)  of  the  stilt  daily. 

8.  The  chalybeate  waters  assuiue  a  sptMjial  pusititnj  in  tlie  trt^atuieiit 
of  chlorosis.  Every  year  iiiaiiy  thoukiiid  ehlurotics  go  to  the  chalyb- 
eate springs,  aotl  ao  enormous  percentage  are  ciiretl  or  coils idembly 
improved.  This  seems  striking  when  we  consider  how  little  invii  is 
contained  in  the  majority  of  these  ferniginous  waters.  For  example, 
at  Schwalbach,  one  of  the  oldest  and  justly  ct4ebrated  heidth  re4^rt*>,  a 
chlorotic  individual  drinks  at  most  J  L.  ( 1.0*56  pt,),  or  in  very  excep- 
tional eases  j  L.  (Lr>84  pt.)  of  the  "  Stalilbninncn.'^  She  ojuseqiiently 
take.s  0,02  to  0.03  gm.  (J—J  gr.)  r^f  metallic  iron  into  ber  system 
daily ;  if  she  always  remains  at  the  *'  Weiiibrunnen/'  as  is  frt*queiitly 
the  ease,  she  receives  but  0.015  to  0.025  gra.  (j— /V  gr.).  If  these 
quantities  of  inm  are  administered  in  pills  or  jMJwders,  nothing  is  ac- 
complish eiL  There  are  hut  two  possible  explanations  :  either  tlie  real 
curative  agents  are  to  he  sought  in  accessory  circnmstiinees,  t»r  the  iron 
is  contained  in  the  prescribed  water  in  such  a  form  that  it  is  decidedly 
advantageous  for  the  absorption  of  the  metal.  Tlie  senMind  cx]>lanation 
is  probably  the  more. correct,  since  we  have  been  convinced  of  the  cura- 
tive influence  of  iron  and  daily  observe  tlie  inadcipiucy  of  the  l>est 
hygienic  conditions  if  this  substance  is  not  employcih  Tlie  value  of 
the  carbonated  cluilyl>cate  waters  seems  to  be  particularly  due  to  the 
dilute  solution  of  the  metal ^  which  enables  the  medicament  to  be  admin- 
istered upon  ;m  empty  stomach.  We  know  from  experience  how  much 
tbis  favors  the  absorption  of  other  substances.  For  example,  if  the 
stomach  is  empty  and  1  dg,  (gr.  iss)  of  potassium  imlid  is  given, 
imlin  appears  in  the  saliva  in  fr<jm  six  to  eight  minutes  ;  if  the  stomach  is 
full,  the  iodin  reaction  is  delayed  for  a  much  limger  perirKl  of  time.  It  may 
be  assumed  that  similur  conditions  obtain  for  the  absorption  of  the  salts 
of  in>nJ  It  is  certainly  no  whim  of  the  attending  physicians  at  chalyb- 
eate springs  when  they  insist  that  the  waters  should  l>e  taken  n|xm  an 
empty  stomach,  if  possible — 1\  e.,  at  a  time  when  the  gastro-intestinal 
tract  exercises  the  most  markeil  absorptive  ability.  The  wirbfvnic  acid 
oontiined  in  the  water  also  Hivors  the  absorption  of  the  metal,  since 
carbonic  acid  exercises  a  markeil  stimulating  eff'ecH  upon  the  mncous 
membrane.     The  early  ingestion  of  the  chalyix^ate  water  is  i^mitted  only 


'  The  authorB  would  also  refer  to  the  interesting  and  important  obserrations  of  Koppe 
tipon  the  ahflorption  of  dilute  saline  solutiotM  (NaturtbrBclierversammtuug  in  Frankfiut 
a.  M.,  1896. 
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in  exceptional  oases  (when  the  patients  are  very  weak),  and  even  tlieo 
a  time  is  selected  when  the  stomach  is  as  empty  as  jjossible  (about  three 
hours  after  breakfast  or  five  hours  after  dinner).  There  is  surely  a 
good  reasou  for  the  existence  of  these  old  and  tried  rules ;  if  the  ex- 
perimenters who  have  become  famous  in  hibonitories  would  pay  more 
attention  to  such  faets  gained  by  experience  they  would  be  stimuhited 
tA}  many  an  investigation  of  practical  importance. 

Skeptical  individuals  have  calhxl  attention  to  the  fact  that  the  car* 
bonated  waters  containing;  small  quantities  of  iron  are  ci1'ei!tive  only 
when  drunk  at  the  health  resort.  Tills  statement  is  undoubtedly  true, 
and  is  well  known  to  every  phyi^ieian.  Nevertheless,  it  would  be  hasty 
to  conchide  from  this  that  the  tavomble  acc^»sson"  conditions  existing  at 
the  chalybeate  spring  are  responsible  for  the  greater  part  of  the  benefit 
derived  by  the  patient.  It  is  much  more  likely  that  the  carbooated 
chalybeate  water  unilergoes  considerable  change  when  it  18  placed  to 
receptacles  and  kept  for  s^:>me  time.  The  carbonic  acid  gradually  escapee, 
simple  carbonate  of  iron  is  formed  and  Ls  precipitated,  sinking  to  the 
bottom  of  the  vessel ;  if  still  more  carbonic  acid  gas  is  lost,  bydrateil 
oxid  of  iron  results,  which  is  likewise  insoluble  in  tlie  sujx^rnatant  flnicL 
In  addition  to  the  esen|ie  of  the  carbonic  acidj  the  contact  of  the  chalyb- 
eate water  with  the  organic  matter  of  the  cork  aids  in  the  decomposi- 
tion of  the  carbonate  and  in  the  precipitation  of  the  iron.  We  have 
frequently  allowetl  receptacles  purporting  tu  l>e  fi*t*shly  filled  with  car- 
lionated  chalyVjcate  water  to  remain  quiet  and  corked  for  one  day,  after 
which  we  have  uncorked  them  and  carefully  withdrawn  some  of  the? 
water  by  means  of  a  pipet  ;  in  many  instances  ferr<K-yanid  r>f  p<itassiuna 
or  sulphid  of  ammoninm  has  failed  to  demonstrate  the  slightest  reaction 
for  iron.  If  the  jmtient**  do  not  shake  up  the  iron  precipitated  in  the 
bottom  of  the  containing  vessel,  they  receive  nothing  but  w^ater  free 
from  iron.  If  they  di.-^tribute  the  brown  precipitate  of  iron  by  shak- 
ing tlie  water,  they  receive  just  as  much  iron  as  is  contained  in  the  fresh 
wat€r  from  the  spring,  but  the  iron  is  in  quite  another  form  and  solu- 
tion ;  it  rather  reseml>les  the  medical  prepanitions  of  in-^n,  but  it  has  no 
effect,  since  it  is  in  too  small  a  quantity  for  this  fiirm  of  administration. 
In  practice  the  water  is  mrely  shaken,  because  it  gives  it  an  unappetis- 
ing appearance,  and  the  etfeetive  substance,  reganlcd  as  '*dirt"  by  the 
patient,  is  carefully  left  in  the  bottle.  The  sulphuretted  waters  are 
more  adaptetl  to  domestic  use  than  are  the  carbonated,  since  the  iron 
is  not  precipitated. 

Although  we  are  decidc<lly  of  the  opinion  that  the  greatest  stress  is 
to  tie  laid  upon  tlie  drinking  of  the  fresh  water  at  the  spring,  it  must 
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not  be  forgotten  that  the  sojourn  at  the  health  resort  hag  many  other  ad- 
vanta^i^s,  the  etftn^t  upon  the  apfiedte  Ih^w^  |*articularly  nuirkecl.  Thi8 
charaeierij^tie  h  [jossessetl  botii  by  tha  chalybeate  ami  the  weak  saline 
springs,  and  it  Is  frequently  nmiiife.stecl  in  a  most  striking  manner.  A 
^tinmhition  of  the  appetite  is  not  ntresriary  in  ev^er^--  ease  of  chlurosiB, 
a  point  which  will  Ije  considertHj  more  in  tlctail  ujron  a  subsequent  occa- 
sion ;  in  other  patients,  liowever,  the  inereiise  of  the  appetite  is  to  be 
greatly  desired.  Thin  inert^jised  api>t*titc  could  l>e  still  further  utilized 
if  lejss  stress  were  luid  ujKin  the  iueooipatiibility  uf  the  elialylx'Ute  w^ater 
with  certain  articles  of  dii-t^  such  as  fats, fruits,  ami  acids.  This  teach- 
ing in  reference  to  the  fats  is  decidedly  wrong,  as  we  have  been  repeat- 
edly able  to  demonstrate.  To  the  advantage  of  many  chlorotics,  the 
forbidding  of  fats  l^  nn  hmger  so  strongly  insisted  upon  at  these  health 
resorts  as  was  formerly  the  ease.  The  fat  is  limitetl  or  excluded  only 
at  the  first  meal  after  drinking  the  water.  Later  in  the  day  it  is  per- 
mitteil  in  all  the  larger  quantity.  So  far  ns  frf*sh  fruits  and  acids  are 
concerned,  we  should  nither  withh(4d  our  opinion  as  to  whether  their 
lelusioQ  at  tliese  health  resorts  is  really  justified  ;  it  is  likely  that 
more  individual  latitude  should  he  allowed  than  is  eustoniary  at  pres- 
ent. In  the  course  of  the  onlinary  administration  of  iron  in  pc»wdem 
and  pills  we  have  been  frequently  t*onvineetl  that  no  injurious  results 
follow  the  ingestion  of  fruits  and  acidulous  foods.  As  previously  stated, 
we  do  not  cai"e  to  jump  to  the  same  conclusion  in  reference  to  the  chalyli- 
eate  springs. 

A  further  bc^nefieial  influence  of  the  chalybeate  springs  is  to  be  found 
in  bathing.  The  quantity  of  iron  in  the  bathing  water  is  of  no  con- 
sequence whatever,  but  the  amount  of  carbonic  acid  gas  is  of  consider- 
able im}K>rtanee.  The  refreshing  and  l>enefieial  iufluenoe  of  carbonic 
acid  baths  (it  matters  not  whether  tliey  contain  bicarbonate  of  irt:)n  or 
sodium  chlorid)  ^-au  be  denieil  by  no  une  who  hits  himself  tried  them 
or  who  has  observetl  their  etlei^t  uixm  wt^kly  patients,  particularly  upon 
chlorotics.  For  the  combating  of  the  **  irrita!)le  w^eakness  "  of  the 
nervous  system,  which  plays  such  an  inqjortant  r5le  in  the  symptoma- 
tology of  chlorosis,  there  is  scarcely  a  l>etter  remaly.  Finally,  it  is  also 
to  be  considered  that  many  ohlort»tic>  tind  nnich  more  favorable  external 
conditions  at  the  bathing  rt^sort,  or  they  utilize  them  more,  than  they 
do  at  home,  Tl»e  correct  distribution  of  physical  rest  and  exercise, 
the  fresh  air,  the  absence  uf  the  depressing  monotony  of  the  house- 
hold life,  and  stimulating  amuseuient.s,  all  aid  in  improving  the  general 
condition. 

It  is  impossible  to  estimate  the  values  of  the  individual  factors  which 
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than  iron  treatment.    We  possess  accurate  records  of  the  influence  upon 
the  corpuscles  and  hemoglobin  in  but  7  cases. 

Observations  1  to  4  refer  to  patients  with  primary  attacks  of  chlo- 
rosis. Cases  1  and  2  had  received  no  treatment  whatever;  in  cases 
3  and  4  iron  had  been  given  for  a  long  time  without  any  visible  im- 
provement. Patients  5  to  7  had  chlorotic  recurrences ;  in  the  previous 
attacks  iron  had  been  successfully  employed. 

1.  Before  treatment :  Blood-corpuscles  4,100,000,  dry  residue  14.8  per  cent. 
After  4  weeks:  "  '      4,400,000,      "  19.7      ** 

2.  Before  treatment:  "  3,800,000,      "  12.9      « 
After  26  days:                 "                   4,650,000,      "  20.1      « 

3.  Before  treatment :  Hemoglobin  (Fleischl)  46  per  cent 
After  32  da vs:  "  75      " 

4.  Before  treatment:  "  (Gowers)  46      " 
After  47  days:                "  72      " 

6.  Before  treatment:  "  (Fleischl)  68      " 

After  15  days:  "  73      " 

"    34    '^  •*  82      " 

"    46    "  "  87      " 

6.  Before  treatment :  Blood-corpuscles  3.750,000,  dry  residue  16.6  per  cent 
After  5  weeks:                 "  4;320,000,       "  19.2      " 

7.  Before  treatment :            "  2,520,000,  hemoglobin  (Gowers)  40  per  oeDt 
After  28  days:                 "  3,475,000,        "  48       «           . 

"    34    '^  *'  3,818,000,        "  45       " 

From  this  time  on  the  patient  was  given  camiferrin  instead  of 
arsenic.  Within  one  week  the  blood-corpuscles  had  increased  to  4,400,- 
000  and  the  hemoglobin  to  60  per  cent.  In  this  case  the  ferruginous 
preparation  was  evidently  more  powerful  than  the  arsenic. 

Since  the  exclusive  administration  of  arsenic  is  frequently  unsuc- 
cessful, we  almost  always  give  iron  in  combination  with  arsenious  acid, 
usually  according  to  the  following  formula  : 

R. — Ferri  reducti 5.0  gm.  (gr.  Ixxv.)  ; 

Acidi  arseniosi 0.2  gm.(gr.  3J) ; 

Ext.  elycyrrhizffi q.  s. 

M.  et  Ft.  inpil.  No.  C. 
Sig. — One  to  four  pills  daily  ( slowly  increasing). 

If  the  case  is  to  be  treated  with  arsenic  alone,  the  same  prescription 
may  be  employed,  omitting  the  iron.  The  initial  dose  of  arsenic  is 
consequently  2  mg.  (gr.  -^^)  daily  ;  within  ten  days  this  is  increased  to 
8  mg.  (gr.  J).  In  some  cases  double  and  oven  three  times  this  amount 
may  l>e  administered.  The  arsenic  treatment  of  chlorosis,  or  rather  tlie 
combination  of  arsenic  with  iron,  lias  recently  gained  many  friends ; 
the  growing  use  of  the  elialyheiite  waters  containing  arsenic  (Ronc<?gno, 
Levico,  etc.),  is  evidence  of  an  unmistakable  character.  From  per- 
sonal experience  we  would  earnestly  advise  the  addition  of  arsenic, 
or  even  its  exclusive  use,  in  those  cases  where  iron  has  failed  or  where 


500 


CHLOROSIS, 


it  is  too  slow  in  its  action.  It  is  of  still  greater  importance  than  in  the 
admin istrntiDii  of  iron  thut  the  treatment  should  bo  continuous  and  un- 
interrupted! ;  the  do.He  of  the  arsenic  should  be  slowly  increased  and 
then  still  more  gradually  diminished.  The  treatment  should  be  con- 
tinuefl  for  four  or  five  weeks  ;  then,  as  in  the  ii-ou  treatment,  there  must 
be  au  interruption  of  at  least  three  weeks.  The  arsenic  pills  are  to  be 
taken  durlt^g  or  immtdiately  after  eating. 

Instead  of  pills  of  arsenicj  corresptuiding  doses  of  the  mineral  waters 
contiiining  arsenic  may  be  employed.  One  mg.  (gr.  ^)  of  arsenic^  the 
initial  dose,  is  eontaiucii  in  : 

8  c.c.  of  Roncegno  water, 
106  c*c.  of  the  water  of  Plomhieres^ 
116  C.C.  **  stronger  water  of  Levico, 
165  CO.  **  Giiberquelle, 
1050  c.c.  **  weaker  water  of  Levico. 
High  AltlttideB. — In  n^ent  years  numerous  investigations  have 
been  made  in  reference  tt»  the  influenc*e  of  high  altitudes  upon  the  den* 
sity  of  the  blo*jd,  and  particularly  up>n  the  number  of  red  blood- 
corpnsclcs  and  u|>ou  the  hemoglobin  jjercentage.  Most  authors  found 
a  rapid  and  considenible  increase  of  the  cttrpuscles  and  of  the  hemo- 
gh^bin  when  [jersons  from  the  plains  asceodc?d  to  marked  heights  ;  upon 
the  return  to  the  lower  level  the  original  density  of  the  blood  again 
manifested  itself  (Viiiult,  Eggcr,  Kopjye,  F.  Wolfl',  Mcrcicr,  Miescher*"*), 
Othe^rs^^ — for  example,  EngH'Siiiclair,  Zuntz,  and  Schumbnrg — found 
no  increase  in  the  corpuscles  in  the  heiglits  of  the  Alps»  It  nevertheless 
should  be  noted  that  the  observations  of  Zuntz  and  Sehumburg  were 
made  upon  tlieuL^lves,  at  a  time  when  they  were  snbjei'ted  to  n»arked 
physical  fatigue.  Some  authors  are  dccidei^lly  in  favor  of  regarding  the 
increase*!  number  of  reil  l)liKKl-cells  as  a  hypertrophy  of  the  bloody 
which  is  to  be  considerctl  as  a  compenstitory  phenomenon  e<]ualizing  the 
diminished  partial  pressure  of  oxygen  found  in  high  altitudes.  This 
stati^ment  has  met  with  numerous  contradictions,  E.  Gmwit^^  traces 
the  phenomenon  to  a  loss  of  water,  which  is  caused  by  the  dryness  of 
the  high  mountain  air.  As  yet  no  explanation  seems  t^>  be  sufficient ; 
every  new  work  brings  anotht-r  interpretation.  In  our  opinion,  so  far 
as  theraijeutics  is  ct^ncemed,  this  question  can  not  be  decided  from  ex- 
periments with  Ileal  thy  individuals  or  with  animals,  as  has  previously 
been  attcmpteil  by  E,  Orawitz,^*  O.  Schauman  and  E,  Roeenqnist,^"* 
and  J.  Weiss  ^^''^.  Althougli  it  may  bi^  shown  that  in  healthy  indi- 
viduals only  the  smallest  part  of  the  murke<I  increase  of  the  blood- 
corpuscles  is  due  to  true  hy|>ertrophy,  the  state  of  affairs  in  patients 
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with  a  pathologic  diDiiniition  of  the  hemoglobin  percentage  may  be 
futirely  differt'iit.  N(>rmul  blofxJ  is  so  rich  m  benioglnbhi  tliat  it  e^in 
combine  with  Muffieterit  oxygen  in  spite  of  the  ciiminiitioti  of  the  piirtial 
prea^ure  of  the  ga8,  but  an  anemic  individual  is  seriously  afieeted  by 
this  diminution.  There  is  a  considerable  increase  both  in  the  demands 
made  upon  the  heart  and  lungs  and  also  in  those  made  uptvn  blood- 
formation.  Until  onr  knowletlge  is  further  extended,  we  are  jnsti- 
fiod  in  supposing  that  permanent  stimulus  of  the  thminished  partial 
pressure  of  the  oxygen  in  high  altitudes  acts  ujmu  the  hematopoietic 
organs  of  chlorotics  and  eaiises  increased  bkxKl-prtxiuetiun,  If  we 
adopt  this  supposition,  we  have  to  do  with  a  curative  puwer  which  is 
thoroughly  anah^gous  to  iron  and  to  ar&enic.  All  three  of  these  meas- 
ures finally  stir  up  the  hematop:»ietic  organs  from  their  pathologic 
lethargy. 

Evidence  of  the  positive  curative  results  of  high  altitudes  in  chlo- 
rosis is  rather  scanty,  since  there  is  still  a  lack  t*f  c>arefully  selected 
material.  The  exceUent  results  <^f  the  treatment  at  St,  Moritz  aud  other 
chalybeate  liaths  of  high  elevation  can  not  l>e  t^uotetl,  sitice  tlie  re- 
coveries are  probably  due  mare  to  the  chalybeate  water  than  to  the 
high  altitude.  Nevertheless,  we  know  some  ohiorotics  wlio  had  ]>re* 
viously  visited  other  chalybeate  baths  without  actual  benefit  and  who 
were  then  cured  at  St.  Moritz,  where  the  influence  of  the  elevation  was 
combined  wnth  that  of  the  watera.  It  would  he  worth  the  trouble  to 
investigate  further  the  imiwiianCe  of  high  altitudes  in  chlorosis,  and 
the  results  would  be  as  interesting  theireticaily  as  they  are  practiadly 
important.  Naturally,  we  do  not  expect  a  recovery,  and  particularly  a 
permanent  one^  in  every  instance*  This  is  also  the  case  in  the  iron 
treatment.  Sometimes  we  are  successful  in  permanently  overcoming 
the  sluggishness  of  the  hematopoietic  organs  ;  in  other  cases  the  patho- 
logic atony  soon  returns  after  the  removal  of  the  stimulus  (iron  or  high 
altitude,  as  the  case  may  be)* 

The  Withdrawal  of  Blood. — Upon  first  thought  it  would  seem 
pre[)osterous  that  anyone  had  thought  of  treating  chlomsis  by  Uie  with- 
drawal of  blood.  We  have  heard  the  most  scathing  criticisms  from 
authoritative  sources  of  '*  this  new  and  degenerated  editicm  of  the 
vampirism  of  bygone  days/'  We  by  no  means  favor  the  practice 
of  venesection  in  chlorosis,  but  will  ouly  jwiut  out  that  this  bold 
measure  is  neither  hu  paradt^xit^d  nor  so  ridiculous  as  it  seems.  The 
history  and  the  practical  results  of  venesection  in  chlorosis  are  fully 
related  in  the  publications  of  A.  Dyes.  Since  1883  Dyes^  publishtni 
eeveral  dissertations,  in  which  he  most  warmly  recommended  vene8ec>- 
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tion  in  gevere  chlorosis.  He  support eil  his  claims  by  a  rich  practical 
exjverieiice  that  vvc  iimst  recognize^  and  hy  tliet»ries  which  arc  ?iu  lacking 
in  scientific  foundation  tiiat  wc  miLst  retrain  from  their  discussion.  In 
the  meantime,  Wilhelnn,*"  Scholz,^®  Schubert/^  and,  to  a  certain 
extent,  KWaiig,^  liave  ainiouncHxl  themselves  as  chani pious  of  the  new 
theory.  Tlic  entire  clinical  material  favorable  to  the  new  treatment 
has  liccn  recently  collected  in  the  monograph  of  Sc^huberi^*  Like 
Schiilz  and  others,  this  author  emphasizes  the  fact  that  the  venesection 
shfinld  !jc  followe<l  hy  a  systematic  murse  of  sweating,  Scholz  saya 
that  the  coui'se  i^f  sweating  is  IretjUently  curative  without  a  preceding 
venesection.  Nonne  and  F.  Schmidt*^  have  no  unfavorable  results  to 
record,  but  they  have  alsi>  had  no  such  good  results  from  venesection 
and  from  sweating  that  tljcy  would  care  to  recommend  tlie  new  therapy 
in  jJace  of  the  okl  atid  trie<l  trftitment  with  iron.  We  have  penr^nal 
knowk^lge  i»f  about  (i  cases  in  which  venesection  undoubtedly  liad  a 
beneficial  iniluence  ;  2  cases  in  particular  occur  to  us  in  which  vene- 
section caused  a  rapid  and  complete  recoven',  after  the  chlorosis  had 
been  previously  treated  unsuccessfully  for  montlis  ynih  iron.  These 
experiences  are  not  sufficient  for  the  foundation  of  an  accurate  persrmal 
opinion. 

The  general  opinion,  which  is  based  upon  the  previous  publications, 
is  that  there  is  no  reason  for  giving  venesection  a  prominent  position  in 
the  treatment  of  elilf>rosis.  In  this  respect  we  entirely  agree  ^ith 
Nonne  and  P.  Schmidt.  There  is  still  less  reaM»n,  since  the  treatment 
with  venesection  and  sweating  is  by  no  means  simple,  and,  accfirding 
to  the  opinion  of  its  own  chanij)ions^  must  extend  over  a  long  time  and 
frequently  requires  to  he  repeated.  Ujmju  the  other  hand,  it  would  be 
entirely  wrong  simply  to  deny  and  ridicule  the  favorable  results  which 
have  been  obtiiineiL  We  have  t^t  do  with  facts,  and  facts  are  always 
to  be  res|>ected. 

The  only  theory  which,  U*  our  mind,  seems  adapted  to  explain  the 
curative  action  of  venesectirm  is  the  one  which  we  liave  adliei^ed  to  for 
a  long  time  and  which  has  been  given  in  this  article:  that  there  is 
deficient  blood- formation  in  chlorosis,  and  that  all  our  mea.sure>  nuist 
be  directed  to  arousing  the  hemat<3poictic  organs  fri^»m  tlicir  pathologic 
lethargy.  With  this  theory  we  explain  the  curative  action  of  iron,  of 
arsenic,  of  high  altitudes,  and  now  we  return  to  it  ag:iin  to  explain  that 
of  venesection.  It  seems  to  us  that  one  of  the  l»cst  supports  of  this 
theory  is  that  it  enables  us  to  understand  such  a  hetcrtjgcnous  collection 
of  curative  methods.  We  do  not  know  how  anyone  who  traces  chlo- 
rosis to  a  lack  of  iron,  and  who  would  make  the  cure  of  the  disease  de- 
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peodent  upon  the  roplawment  of  tliiH  deficit,  could  explain  the  other 
treituienti?,  and  partieuliirly  the  result.s  of  venesection,  without  utilizing 
the  m<Kst  daring  acocisiyry  Ijyjjothe.se,'^. 

According  to  our  theory  the  curative  action  of  venesection  is  readily 
underisttiod.  Of  idl  phy8ioh>gic  ctindition.s,  we  know  of  no  more  im- 
jH>rta.nt  and  effective  nieans  of  stimulating  hhiod-ftjmiation  and  of 
causing  a  ^toraiv  react!* in  of  the  lieiMatop<*ietic  organs  than  acute 
hemorrhagic  We  might  assume  that  the  .same  influence  is  exercised 
ID  chlor(»si8.  If  healthy  indivUhuiLs  are  bled,  the  los&  of  hemoglobin 
is  simply  replaceiJ  ;  in  chlorosis  it  is  |x>ssible  that,  if  the  proper  time 
is  selecteil,  the  hemoglobin  percentage  may  ri&te  until  it  reaches  the 
Dormal.  The  lethargy  of  the  hematopoietic  oi^ans  is  overcome  by  the 
energetic  pn>cedure  and  dues  not  return  ;  in  favorable  (liises  hemat^j« 
jx>iesis  continues  until  the  ntfrmal  conilition  of  the  blocnl  htui  been 
attained.  Further  experience  is  necessary  before*  it  can  be  determined 
at  what  time  in  the  course  of  chlorosis  we  may  ex[x>et  goml  from  vene- 
section, tlie  particular  indieatir*ns  for  the  procedure*  and  how  much 
blood  is  to  lie  withdrawn  (heretofore  the  amount  has  been  alwint  100 
cc,  ^  3 J  nz,).  Even  at  the  present  time,  however,  we  can  not  deny, 
either  from  a  practie:il  or  theoretie  standpoint,  that  venesection  is  a 
dangerous,  but  in  skillful  hands  also  a  useful  weapon  (v,  Noordcn),^ 

The  Treatment  with  Extracts  of  Organs. — It  is  with  great 
hesitation  that  we  refer  to  the  recent  efforts  to  cure  cldorosis  by  feeding 
the  patients  with  organic  extracts.  The  subject  is  much  too  new  for 
us  to  hold  an  opinion  in  reference  t<i  its  value  and  to  its  future. 

The  Treatment  with  Red  Bone- marrow. — We  have  had  some  per- 
sonal experience  with  this  treatment,  luit  our  results  did  not  encourage 
us  to  c^ontiuoe  the  ex[>eriments.  Fresh  red  marrow  may  be  given,  or 
tablets  of  the  same  may  be  employed.  In  the  English  literature  we 
find  a  ptiblication  by  Ch.  Fobbes,^"  who  reports  good  ivsults. 

The  Treatment  with  Splenic  Extract. — A  Berlin  firm  has  recently 
placed  a  |)repaniti«ni  upon  the  market,  whieli  is  mauufaetureil  from  the 
spleens  of  cattle.  This  substance  has  been  given  the  name  of  "  eury- 
throl/*  M.  David  ^'  has  treateil  a  number  cd'chlorotics  with  this  prc'p;i- 
ration,  and  states  that  the  experiments  were,  on  the  whole,  succ^essful 
and  encouraging. 

The  Treatment  with  Ovarian  Bxtract. — In  view  of  our  adopted 
theory  that  the  condition  of  the  **  internal  ovarian  seeretion  "  has  a  rela- 
tion to  the  pathogenesis  of  chlorosis,  we  must  consider  the  treatment  with 
'*  ovarin  "  to  be  full  of  promise.  Exj>erience  alone  can  decide  this  ques- 
tion.    The  publications  are  still  very  s<mnty.     Spillaian  and  Etienne*^ 
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treat42d  6  ehlomtics  with  ovariiin  i^xtmct,  and  assure  us  that  they  j^aw 
most  favoruble  results.  Frcdcli^^  empioyt^d  the  **  ovarin  "  (prepared 
l)y  E.  MiTckj  of  Darmstadt)  in  dases  ui'  Q.2h  tti  0.5  gm,  (gr.  iv— viij) 
pro  die^  and  was  likewise  plejised  with  the  result.  The  brief  papers 
by  Miiret^^^^  and  Touvenaiut^"*^  are  also  eucouraging. 

We  have  eousidered  the  ad m  in ii^t ration  of  the  extracts  of  the  oi^ns 
at  this  ptaoe  beeause  their  cumtive  influenee — if  it§  existence  is  sub- 
sequently confirmed— can  only  be  due  to  tlie  indirect  stimulation  of  the 
hematopoietic  organs. 

DffiTETlC  AND  HYGIENIC  TREATMENT, 
The  remaining  acces-sory  methods  employed  in  dietrciitment  of  chlo- 
poflis  assist  only  iodiret^tly  in  the  recovery,  since  they  are  simply  directed 
toward  the  improvement  of  the  nutritive  etmdition  and  of  the  general 
strength.  These  measures  alone  are  not  sufficient,  for  chlon)sis  fre- 
quently makes  its  apjiearance  when  n<*{liing  has  been  negk^cted  in  this 
directioUj  and  we  often  observe  that  t!ie  disease  persists  in  spite  of  the 
most  appropriate  diet  and  the  best  care  until  iron  has  bec^n  administered. 
Upon  the  other  hauil,  we  can  not  fail  to  recognize  how  little  can  be 
accomplished  by  the  iron  treatment,  or  by  some  of  the  previously  men- 
tioned substitutes,  if  they  are  opposed  by  unfavorable  nutritive  condi- 
tions or  by  faulty  methwls  of  life.  We  must  ctmsequently  consider 
how  these  factors  can  be  best  arranged  for  chlorotic  patients. 

THE  PIET. 

It  has  been  previously  stated  in  this  article  that  in  chlorosis  the  met'- 

abolism  of  the  albumins,  as  well  as  metabolism  in  general,  is  not  char- 
acterized by  any  actual  deviations  from  the  normal*  The  nutritive  con- 
dition is  consequently  dept^ndeut  njum  the  same  huvs  as  it  is  in  health  ; 
the  ways  and  means  by  which  it  may  be  influenced  are  indeed  subject 
to  variation. 

The  problem  which  presents  itself  is  not  always  the  same.  There 
are  numerous  chlorotics  whose  nutritive  eonditions  are  entirely  normal, 
lx>th  in  regard  t*)  the  subcutaneous  fat  and  to  the  musculature.  In 
these  intlividuaSs  we  would  not  undertake  to  change  the  quantity  of  the 
food  inge^ttnlj  although  inq>rovements  might  seem  possible  ami  desirable 
in  reference  to  the  quality  and  the  distribution  of  the  diet.  In  a  Beoodd 
group  of  patients  we  find  that  the  nutritive  conditions  are  bad  ;  such 
conditions  may  have  existed  from  youth  or  they  may  have  first  made 
their  appearance  during  the  development  <>f  the  disease.  In  these  cases 
one  of  the  foremost  problems  of  the  treatment  of  the  chlorosis  is  to 
improve  the  condition  of  nutrition.     To  do  this  it  is,  of  course,  neces- 
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sary  to  study  carefully  the  peculiarities  of  the  individual  case  and  to 
gain  a»  vxnet  knowlodgt!  of  the  factors  re^jx^nsible  for  the  bad  nutritive 
c-onditiou.  In  the  anamnesis  we  shoukl  obtain  what  might  he  eallod 
the  dietetic  history  of  the  patient  as  far  back  as  possible.  In  a  third, 
and  by  no  means  iosignificaut,  group  we  have  to  do  with  girls  and 
women  whose  forms  are  more  rouude*!  thau  normal  and  who  give  nsthe 
impression  of  obesity,  or,  at  least,  they  are  wliat  the  layman  designates 
as'**  puffy.'*  These  cases  offer  a  rieh  tield  for  dietetic  treatment,  but  it 
is  to  he  undertaken  only  after  a  eareful  consideration  of  the  individual 
nutritive  conditions  and  habits  of  Hie. 

We  will  first  consider  those  dietetic  principles  which  are  applicable 
to  all  chlorotics^  and  then  take  up  those  variations  w4iich  are  demanded 
by  the  peculiiirites  of  the  individnal  casi\ 

Regularity  and  Frequency  of  tlie  Meals. — We  regard  regu- 
larity in  eating  as  one  of  the  most  impcirtiint  rules.  As  we  have 
alre^idy  seen,  very*  many  ehlorotics  sin  in  this  res|>eet,  since  they  only 
play  at  eating  at  the  regular  meal-time ;  between  meals,  however,  tln^y 
eat  according  to  the  whim  of  the  moment  and  are  at  times  almost 
ravenoa*?.  This  bad  hal>it  must  be  decide^lly  opposed,  or  control  is 
lost  of  the  amount  of  food  actually  ingestet!,  and  we  cultivate  the 
dangerous  liysteTic  tendency  of  the  ehlorotics,  which  makes  them  the 
weak  playthings  of  their  own  sensations.  Chlorotics  should  eat  and 
drink  only  at  tlie  time  prescribed  by  tlie  ])hy«ieian  ;  wn'thin  a  few*  days 
the  irregular  ravenous  appetite  will  then  disappear. 

The  intervals  between  the  meals  should  not  be  very  great i  never 
amounting  to  more  than  two  and  a  half  or,  at  most,  three  hours  ;  the 
longest  interval  should  follow  the  dinner.  The  follow^ing  is  a  correct 
arrangement : 

Breakfast  at  8  A.  M.  Dinner  at  1  r.  M. 

Early  luncheon  at  10.30  A.  M,       Late  luncheon  at  4,30  p.  m. 
Supper  at  7.30  to  8  i\  m* 

The  greater  frequency  allows  of  a  diminution  of  the  amount  ingested 
at  the,  individual  meal.  This  is  an  important  piiint,  l>e<^^n^»  very  many 
chlorotics  >iuffer  fnmi  a  hyjHTseositiveness  of  the  stomach  and  their 
ap|xHites  are  sfMin  satisfitxL  Under  certain  circunKstances  the  number 
of  the  meala  may  be  s^till  further  increasetl ;  thif*  is  necessary  when  it  is 
important  that  the  patient  should  eat  as  much  as  possible,  or  when  the 
stomach  is  able  to  digest  only  very  small  quantities  of  food  at  one  time 
(see  p.  515). 

The  Amount  of  Albnmin  in  the  Diet, — Wiicther  the  chlomtic 
be  lean,  well  nourished,  or  corpulcut,  the  total  of  fooil  ingciited  t^hould 
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contain  a  large  percentage  of  albumin.  At  this  place  we  wish  to  oppose 
the  view  frcH|uently  expresseti  at  the  present  time,  that  the  people  re- 
quire ouly  a  relatively  small  quantity  of  albumiuj  and  that  when  this 
is  supplied  it  matters  not  whether  tUey  are  gi%*eii  carbohydrates  and 
fats  or  more  albumin.  It  does  not  matter,  so  far  as  the  formation  of 
fat  is  coneerntHl^  since  this  process  is  dependent  exclusively  upon  the 
number  of  calories  contained  in  the  diet.  If,  however,  we  wish  to 
etrengtiien  the  entire  body,  build  up  new  tissues  containing  albumin, 
and  stimulate  blood-furmatiiin,  experience  teaches  that  we  must  prescribe 
a  diet  rich  in  albumiu.  In  this  respect  we  can  leani  more  from  the 
careful  observation  of  patient^^  ujion  diiferent  diets  than  we  can  from 
exi>eriments  upon  metabolism.  One  hundrtnl  gm.  (3^  oz.)  of  albumin 
is  the  njinimum  daily  amount  of  albumin  required  by  chlorotics  j  if 
the  individual  is  corpulent,  a  somewhat  larger  quantity,  abcmt  120  to 
140  gm.  (4-4  I  oz.),  m  necessary.  If  the  desired  quantity  can  not  be 
n-ached  with  the  ordinary  ibfals,  s(>me  of  the  albuminous  preparations 
may  he  employed  (soojatose,  nut  rose,  protogen,  eucasin). 

Meat  in  the  Morning^ We  must  not  only  consider  the  amount 

f»f  the  albumin,  Vjut  also  the  time  of  its  ingestion.  In  all  anemia*^,  and 
particularly  in  clilorosis,  we  can  not  speak  too  strongly  in  favor  of 
the  introduction  of  8uVMauces  rich  in  albtimin  into  the  diet  of  the 
early  morning  hours.  The  present  custom  in  Germany,  of  eating  a 
scanty  breakfast  contiiirriug  little  albumin,  is  not  suitable  for  many 
patients,  and  is  |>articuhirly  iletri mental  to  ehlorotics.  Almost  all 
the  patients  feel  most  dei>ressed  in  the  morning  hours ;  they  lounge 
about  and  are  capal)le  of  no  actual  exertion.  This  condition,  which  is 
disagreeable  to  the  patient  and  prejudicial  to  her  proper  training,  can 
not  Ixj  better  c<Hinteracted  than  by  adopting  the  English  custom  of 
commencing  the  day  with  a  meal  that  is  as  strengthenuig  as  possible. 
If  this  rule  is  conscientiously  observed,  most  girls  overcome  the  sen^sa- 
thm  of  wretchedness  and  the  tendency  to  fainting  so  fre^juently  observed 
in  the  morning  hours* 

In  addition  to  the  results  of  pmctica!  experience  there  are  also 
interesting  theoretic  reasons  why  the  first  meal  should  lie  rich  in  albu- 
min. The  products  of  the  digestion  of  the  albuminous  li^Mlies  are 
rapidly  taken  up  into  the  circulation,  and  may  be  utilized  by  the  oi^n- 
\nm  within  a  short  jieriod  nf  time.  This  is  not  tnie  of  the  carbohy- 
drjitrs  and  of  the  fats.  The  fats  are  very  slowly  absorbed,  and  several 
hours  pass  before  even  a  part  of  these  substances  can  j>ass  into  the 
circulation.  Carbohydrates  are  rapidly  absorbed,  but  they  can  not  be 
immediately  employed  by  the  tiseues^  eince  only  a  very  small  portion 
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gaiDB  acoees  to  tbe  arteries  of  the  bewlyj  the  larger  quantity  being  first 
arre^st+xl  in  the  liver.  From  the  liver  they  are  alhtwed  to  escajK^  into 
the  bluiid  only  very  gradually,  so  that  the  anion nl  of  i^ugur  in  tiie 
arterial  blood  after  a  meal  rieh  in  carbohydrates  is  no  greater  than  in 
the  fasting  condition.  It  is  the  albuminous  botlies  aJone  that  are  eon- 
fiumed  tioini  after  their  ingestion.  This  |K.H:'uIiarity  is  of  s|K»eial  value 
for  our  present  purpose.  Alcohol  is  the  only  uther  substance  which  is 
consumed  so  soon  after  its  ingestion  (see  p.  508). 

In  view  «if  these  facts  we  would  recommend  that  ehlomtie  girls  and 
women  cat  a  large  portion  of  meat  at  their  breakfast ;  it  does  not  matter 
whether  the  meat  l>e  cold  nr  warm,  or  whether  a  nrnst,  smukeil  meat, 
wild  fowl,  iir  iish  is  t^^let^ted.  In  pmetice,  in  Germany  at  least,  most 
can  be  aeeomplished  with  cold  meat  (cold  roast,  eokl  birds,  smoketl 
meat,  and  partienlarly  raw  or  bMiletl  liam)*  The  amount  to  be  eaten 
is  to  be  prescrilied  by  the  physician  and  not  left  to  the  whim  of  the 
patient.  We  begin  with  50  gm.  (I3  oz.)  of  beef  (weighed  iu  the  pre- 
pared state),  and  gradually  increase  the  amount  to  100  gm.  (3 J  oz.),  if 
possible.  Since  meat  soon  f^atistir^  the  appetite  of  the  patient,  the 
other  articles  of  diet  must  take  up  as  small  a  volume  as  possible ;  for 
example,  two  pit^ces  of  toast  or  i\(  zwieback  that  is  free  from  sugtxr 
(the'*  A II  Ileil  "  or  "  Nahrtoust "  prepared  by  Otto  Kaik-mann,  of 
Bockenheim-Frankfurt  a.M.).  The  ordinarj^  zwieback,  containing  sugar, 
is  nut  to  be  rec<jm mended.  To  this  may  be  added  a  small  eiip  of  tea 
or  of  eofiee  with  a  little  milk  nr  sugar. 

We  have  treated  Init  few  ehlorotie  girls  who  tlid  not  immediately 
«ay  that  it  was  quite  im[Mjssible  for  them  to  eat  meat.  Tlie  physician 
must  expect  to  meet  with  this  opposition,  aud  a  certain  amnunt  of  firm- 
ness will  soon  overcome  this  idea.  After  a  short  ]>eriod  the  objection 
will  be  silenced,  and  the  goo*!  result  will  show  that  the  demand  was 
justified. 

The  Employment  of  Milk  in  Chlorosis, — The  hdty,  together 
with  many  physicians^  are  inciiuixi  to  give  milk  a  very  pr^miinent  jxisi- 
tion  in  the  diet  of  the  chlorosis.  Milk  is,  without  doubt,  a  very  useful 
and,  nnder  certain  circumstances,  even  an  extremely  important  and  in- 
dispensable article  iif  iliet.  Nevertheless,  when  milk  is  prescribed 
certain  points  are  always  to  be  considered,  and  the  daily  amount  of  the 
milk  and  its  ilistribotion  must  be  accunitely  state*l,  Mnch  harm  can 
be  accomplished  by  the  simple  t*ommand  to  '*  drink  plenty  of  milk.*' 
In  chlorosis  the  harmfnl  iufluence  may  be  manifested  iu  three  ways;  1. 
If  large  quantities  of  milk  are  ingested  at  inappropriate  intervals,  when 
there  is  a  marked  losa  of  appetite,  the  remainder  of  the  diet  sufi*erS| 
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often  to  the  extent  that  the  total  amount  of  food  inge^ated  (including 
the  in  ilk)  is  not  suffi*'ient  to  replace  the  IxkIv  wai^te*  Emaciation  re- 
i^uhs  instead  of  tlie  desircil  iiiereaj^e  in  weight,  2,  In  chloroticid  with  an 
average  appetite  the  milk  diet  eiisily  leads  to  overfeeding.  In  anemic 
persoiHj  hiiwevtT,  this  ijifluence  is  nut  limited  to  the  liiying  on  of  fat,  but 
the  amount  of  water  in  the  tissues  of  the  body  is  increased  and  the 
patient  acquires  a  bloatetl  appearance.  The  anemia  is  not  improved  by 
the  increiisi ug  corpulency  ;  practical  experience  rather  ehowe  that  re- 
covery is  delayed.  3.  If  milk  is  taken  frequently  between  meal^^  as  is 
so  frecjuently  the  case,  the  stomach  is  niaintaineil  in  a  full  oondition 
thnjughout  the  entire  day.  This  favors  the  tendency  of  the  stomach  to 
relaxation  and  dilation.  According  to  onr  exj>erienee,  we  are  convinced 
til  at  gastric  dilation  in  chlorosis  is  partly  due  to  tlie  ingestion  of  lui- 
reasonably  large  quantities  of  milk. 

There  is  scarcely  ever  any  objection  to  be  raised  to  the  ingestion  of 
smaller  quantities  of  milk  (al>out  J-|  L.  =  L056-L584  pi.).  Milk 
i^hould  be  chosen  as  an  actual  nutriti\'e  factor  only  when  hyperesthesia 
of  the  stomach  gives  rise  to  disturbance^  njwn  the  ingestion  of  solid 
fixjd  or  when  lean  patients  are  to  be  fattened.  In  both  eases  it  is  better 
to  replace  the  milk  by  a  mixture  of  milk  and  sweet  cream  (Stiive^, 
If  equal  ]>arts  of  milk  and  good  cream  are  taken,  1  L.  of  the  mixture  has 
a  nutritive  value  of  about  1300  calorias — L  e.,  the  nutritive  value  corre- 
sponds to  that  of  2  L.  of  good  milk.  The  amount  of  fluid,  however,  is 
only  half  as  great,  and  the  appetite  and  the  muscular  strength  of  the 
stomach  are  spared.  The  high  percentage  of  fat  Is  never  injurious,  aa 
we  can  state  from  an  extended  experience ;  we  have  employed  the 
mixture  of  milk  and  cream  not  only  in  the  secondary  gastric  disturb- 
ances of  chlorosis,  but  also  when  the  case  1ms  been  complicateil  by  the 
presence  of  gastric  ulcer. 

Alcohol  in  Chlorosis*— It  is  more  than  doubtful  whether  alcohol 
has  a  stimulating  effect  upon  hematojioiesis.  Such  an  opinion,  however, 
is  very  widespread ;  this  |K)wer  is  particularly  attributed  iu  red  wine, 
since  the  public,  in  a  most  superficial  and  ridiculous  manner,  believes 
that  its  red  color  holds  some  relation  to  the  red  ccdor  of  the  blo«»d. 
Nevertheless,  alci>hoI  is  largely  in  evidence  in  the  diet  nf  chlorotic;*, 
particularly  in  well-to-do  families.  Alcohol  has  a  comforting  influ- 
ence; it  is  quickly  absorbed  and  counteracts  momentary  sensations  of 
weakness.  It  consequently  hap|>cns  that  many  ehh erotics  frequently 
take  a  small  quantity  of  strong  wine  at  intervals  throughout  the  day, 
particularly  in  the  morning,  when  they  feel  most  miserable.  The  small 
amounts  are  increased,  and  sometimes  a  considerable  quantity  is  in- 
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gOSted.  The  same  result  c€ii!d  liave  been  attaincfl  in  a  perftrtly  harm- 
less  manner  by  a  sensiljlo  arrangement  of  the  meals  and  by  the  eating 
of  a  liberal  amount  of  albumin  at  breakfast  (^et^  p,  50r>).  In  Motot^Is 
alcohol  can  usnally  be  dispensed  with  as  an  actual  stimulant.  IL^w- 
ever,  aleohol  enn  1x3  very  advantageously  employed  as  an  aid  to  the 
formation  of  fat  in  lean  ehloixitics  ;  it  favors  the  laving  on  of  adipo.^e 
tissue  to  such  an  extent  that  it  ii4  immaterial  wliether  the  individual 
eats  7  gra*  (128  gr.)  of  fat,  or  drinks  J),3  gm.  (140  gn)  of  alcohol. 
Moreover,  aleohol  is  better  adapted  to  stimuhite  the  ai»|»etite  and  to 
increjise  the  ability  to  digest  fats  than  is  any  other  niedirine.  Upon 
the  whole,  alc4jhol  is  oonsequently  k>  be  more  frequently  recom mended 
in  lean  than  in  corpulent  chlorotics.  The  amount  is  always  to  be 
accu ra te  1  v  d es  i  cjd  a  1 1 'd . 

Fresh  Vegetables  in  Chlorosis. — ^We  have  already  pointed 
out  that  a  lack  of  fresh  vegetal>Ies  can  aid  in  the  development  of  chlo- 
rosis (see  p.  480).  The  quantity  of  vegetables  seems  to  us  to  be  even 
more  curtailed  in  the  diet  of  chlorotie.^  than  it  is  in  the  diet  nf  healthy 
children  and  of  gniwing  young  girls.  We  have  seen  a  large  number 
of  chlorotics,  particularly  from  the  western  part  of  Germnny,  from 
France,  and  from  North  America,  whose  physicians  have  strongly  for- 
bidden them  to  eat  green  vegetables  (pmbably  with  the  exe^^ption  of 
spinach  and  of  carrots),  stewed  fruit,  and  particularly  fresh  fruit.  The 
reason  for  such  a  prohibition  is  tliat  the  nutritive  vahiea  of  vegetables 
and  fruits  are  suppi^sed  to  be  so  insiguilicant  that  the  appetite  should 
rather  be  directed  to  more  nutritious  fo<xls  ;  it  may  also  be  due  to  the 
idea  that  ve<reta!)les  and  fruits  are  liarmful  to  the  sensitive  stomachs  of 
chlorotics  and  interfere  witli  the  administration  of  inm.  We  must  de- 
cidedly con t rati  ict  any  such  object  ions. 

The  nutritive  value  of  the  green  vegetables  is  indeed  small  when 
e3tpresse<l  in  calories  ;  they  mny  lie  made  exceedingly  nntritious,  how- 
ever^  by  proper  pri-paration  with  cream  and  butter.  The  nutritive 
value,  moreover,  is  not  to  be  considered  only  from  the  caloric  stand- 
point. In  addition  to  the  material  which  is  capable  of  oxidation,  v^e- 
tahles  and  fruits  also  eontain  many  other  substances  which  are  useful 
and  indispensable  to  the  iMidy — the  so-tudlcd  nutritive  salts  or  other 
equally  important  combinations  of  iron  (see  p,  480),  We  have  never 
observe<l  that  vegetables  and  fruits  decrease  the  capacity  for  the  in- 
gestion of  other  nutritive  substances  ;  on  the  contrary,  the  great  variety 
which  is  offered  makes  it  possible  to  increase  the  total  supply  of  food. 

Too  much  stress  is  laid  upon  the  detrimental  effect  of  vegetables 
upon  the  stomach.     Without  doubt  vegetables  are  to  be  excluded  if  the 
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chlorosis  is  complicated  by  the  presence  of  a  gastric  ulcer.  In  all  other 
gastric  tlist  urban  CCS,  whetlier  they  are  in  the  form  of  byperestbesia,  ear- 
dialgia,  auorexia,  or  flatulence,  whether  marked  symptoms  of  gastric 
atimy  are  present,  ar  whether  tbe  stomach  stK:Tetes  t<>o  much  or  tou  little 
hydrocblurk'  acid,  neither  grtML*u  vegetables  nor  stewed  or  even  fresh 
fruit  are  contra-iudicateiL  The  jiatbologic  disturbances  ate,  at  Iea:§t, 
not  increasetl,  and  they  are  frwpjently  improved  as  soon  as  the  previously 
excluded  vegctaijlcs  are  addetl  U*  the  diet ;  the  latter  would  be  capable 
of  little  variati*m  if  tbey  were  io  lie  pt^rmaueutly  \vithheld. 

The  improvement  in  the  gastric  symptoms  and  the  disappearance  of 
the  eonstipatiou,  which  may  have  been  present,  are  often  surprisingly 
rapid  and  eiiu  not  be  sutlieiently  jvmiscd  by  the  patients.  It  is  true 
that  chlon>sis  is  not  cured  in  this  manner,  but  much  has  been  gainefl 
if  troublesome  sequelse  have  been  prevented.  The  advice  to  prescribe 
the  more  freijuent  use  of  vegetables  and  of  fruits  in  cldorosis  should  be 
taken  eiiruestly  to  heart,  »ir  it  will  fre(|uently  happen  that  a  medical  or 
clerical  champioD  of  vegetarianism  will  take  the  case  from  the  family 
physician  and  obtain  a  better  result* 

An  appropriate  arrangement  of  the  vegetables  is  as  follows  :  A  gen- 
erous qoantity  of  green  vegetables  is  given  at  tlie  nitdday  meal  ;  acsconl- 
ing  to  tbe  rapiirements  of  the  individual  case,  the^^e  may  be  prepared 
with  much  or  little  butter ;  aeeording  to  tbe  oonditiou  of  tbe  stomach, 
they  may  1m^  cut  np  into  small  pieces  or  servecl  in  the  ordinary  form, 
A  considerable  quantity  of  fruit  may  be  eaten  at  4.30  P.  M.  as  a  second 
luncheon.  That  fruit  is  to  be  employed  which  is  in  season  ;  fruits  with 
small  seeds,  htnvever,  should  be  avoided  if  tbe  stomach  is  sensitive. 
In  winter  the  dried  fruits  arc  to  be  re*t*ommended ;  they  may  now  be 
bought  almost  anywhere,  and  if  they  are  of  the  best  quality  and  skil- 
fully prepared  they  are  scarcely  to  be  diflFerentiate*!  from  stewed  fresh 
fruits.  Fruit  preserved  with  sngtir  is  much  less  worthy  of  recommen- 
dation. Whether  fresh  or  stewe<l  fruit  is  selecteil  will  depend  upon  the 
circumstances  of  the  individual  case ;  stewed  fruit  is  better  borne  by  the 
stomach,  since  it  is  rapidly  cfinverted  into  a  homogeneous  mass,  while 
fresh  fruit  is  taken  into  the  stomach  in  large  pieces  and  causes  a  more 
marked  mechanical  irritation. 

Bill  of  Para. — If  we  have  to  do  with  an  average  case^  in  wdiich 
there  is  no  special  indication  for  the  accumulation  of  fat  or  for  sparing 
the  stomach,  the  dietary  may  be  arranged  somewhat  as  follows  : 

Breakfast. — An  abundance  of  meat  For  the  composition  of  the 
breakfast,  see  p.  507. 

After  breakfast  the  chlorotic  should  rest  a  short  time,  about  a  half- 


TREATMEST, 


511 


boor  or  an  hoar,  eitlier  in  l>etl  or  upon  a  sofa ;  we  very  much  dislike  t*5 
dis|H5ni*e  with  this  rule,  and  only  do  i*o  when  external  condition's  make 
Its  observance  impossible.  During  thi8  time  many  chlorotics  fall  ajsleep, 
and  this  should  be  encouraged  by  darkening  the  room  and  by  avoiding 
disturbing  noiiies. 

For  the  frd  lumkemi^  which  must  be  small  in  quantity,  we  are 
govenied  by  the  needs  of  tlie  individual  case,  choosing  one  or  two  eggs 
(preparetl  as  ilesire*!),  some  toast  or  zwieback  with  butter,  and  J  L. 
(I  pt.)  of  milk  or  of  milk  and  cream  (sec  p.  507).  If  the  case  requires 
It  a  desserts jKMmful  of  cognac  or  of  "  Kirschwasser'*  (Ix'st  given  in 
the  oxilk)^  or  a  very  small  glass  of  sherry  or  of  Madeira  may  be 
allowed. 

Dinner. — Whatever  tlie  patient  may  do  between  breakfiist  and  din- 
ner, we  must  always  take  care  that  »he  either  shs  or  lies  quietly  at  home 
for  at  least  twenty  or  tliirty  minutes  before  eating.  If  she  comes  home 
jui^t  liefore  dinner,  tired  out  by  her  w*trk,  irritoted  by  the  cares  of  the 
city,  or  heated  from  a  walk,  the  ingestion  of  food  favors  the  appearance 
of  gastric  disturbances. 

At  dinner  the  chief  wei|^ht  should  l>e  laiil  U|>on  tlie  eating  of  an 
abundant  amount  of  meat  and  fr^'sh  vegetables.  The  cidorotic  sliould 
be  allowed  to  choose  from  the  remaining  fcRxl  upon  the  table,  according 
to  her  ap{>etite.  If  there  is  little  desire  to  eat,  it  may  be  neceBsary  to 
forbid  soup  or  to  have  it  f*>llow  the  meat  course.  There  is  usually  con- 
siderable thirst,  since  acconling  to  our  rt^gime  but  little  fluid  is  taken 
during  the  morning.  The  patient  should  satisfy  this  thirst  only  toward 
the  end  of  the  meal,  since  otherwise  the  nutritive  supply  will  suffer. 
Water  may  be  drunk,  or,  when  prescril>ed  by  the  physician,  water  with 
wine* 

This  meal  is  likewise  to  be  followed  by  rest  in  the  recumbent  posi- 
tion for  from  thrct*-quarters  to  one-and-a-half  hours.  If  gastric  dis- 
turbances arc  present  this  time  may  be  utilizt^d  for  the  purpose  of  applying 
warm  applirations  to  the  abdomen  (dry  heat  or  cataplasms). 

The  second  luncheon  consists  either  of  plenty  uf  stcwc<l  or  fresh  fruit 
witli  wheat  bread,  zwieback,  or  simple  tea-biscuit,  or,  if  fruit  is  to  he 
avoided,  the  patient  may  have  a  small  cup  of  tea  or  eixnia  with  wheat 
bread|  toaat,  zwieback,  simple  tea-biscuit  and  butter.  If  there  is  no 
tendency  to  the  excessive  formation  of  acids  by  the  stomach,  liimey  and 
jelly  may  also  be  |K'rniitttHb  This  small  mva\  may  \»*  folli»w4>tl  by  | 
L,  (^  pt,)  of  milk  or  of  a  mixture  of  milk  and  cream* 

The  sup|>er  should  be  as  simple  and  unirritating  as  possible.  At 
least  four  times  a  week  the  main  dish  should  be  a  thick  soup  or  broth 
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made  from  oai^,  barley,  grit^,  rice^  tapicx^  or  buckwheat ;  this  should 
fiometimrs  be  prejared  with  bouillon  and  butter  and  soraetimes  with 
Diilk  and  butter.  These  may  l>e  occasionally  replaced  by  other  farin- 
ace<jus  fomis  or  [niddinj^ }  stewed  fniit  may  be  given  several  time^ 
w<;'<^kly.  If  the.se  articles  are  mvi  sufficient  to  satisfy  the  appetite,  the 
patient  may  eat  bread  and  butter,  fesh  cheese,  cold  meat,  or  some  other 
trifle.  On  the  other  days  the  main  dish  may  be  eggs  or  articles  con- 
txijning  them,  or  even  meat  or  fish.  If  the  amount  of  food  ingested  ill 
the  evening  is  un>sati8factory,  it  may  be  troroplemented  by  fri>m  0.3  to 
0.5  L.  (|-1  pt.)  of  milk,  or  of  kefir,  which  i,s  to  be  taken  immediately 
before  retiring.  If  the  milk  is  omitted,  a  half-bottle  of  well-fermented 
beer  is  to  lie  recommende<l  after  supper. 

The  chlorotic  ^Ijould  retire  at  10.30  P.  M.,  at  the  latest  The  pro- 
longation of  the  day  into  the  kite  hours  of  the  night  is  injurious  for  all 
forms  of  anemia, 

The?e  suggestions  as  to  the  daily  program  and  as  to  the  quality  of 
the  focxl  will  usually  be  sufficient.  Whether  the  amounts  of  the  indi- 
vidual foods  and  drinks  are  to  be  specified  will  dei>end  upon  the  effect 
of  the  diet  upon  tlie  nutritive  condition  of  the  patient ;  all  that  is 
usually  necessary  is  to  prescril>e  the  quantities  of  the  articles  eaten  at 
breakfast  and  to  limit  the  amount  of  milk,  as  we  have  indicated  in  the 
preceding  scheme.  Unless  ive  arc  forced  to  do  so,  it  is  not  advisable  to 
pursue  this  gubjeet  further  and  to  weigh  practically  ev€»ry  mouthful 
ingestetl  by  the  patient.  This  only  makes  the  patient  nppreciate  her 
illness  all  the  more  acutely,  and  such  a  possibility  is  always  to  be 
avtjided.  If,  however,  the  weight  uf  the  patient  shows  that  she  eaifi 
too  much  or  too  little  when  left  in  herself,  tlie  exact  measurement  of 
the  amount  of  food  to  be  ingested  should  not  be  long  neglected* 

It  is  not  always  possible  to  carrj*  out  these  measures  accurately, 
because  many  ehlorotics  are  not  in  such  a  position  that  they  can  live 
altogether  for  the  l>enefit  of  their  health  throughout  tlie  entire  course 
of  the  treatment.  The  course  which  has  been  outlined  is  to  be  regarded 
as  the  ideal  dietetic  treatment  which  is  to  l>e  adopted  to  support  the 
adroinistnition  of  the  iron.  If  ideal  conditions  t^n  ii4vt  l>e  attained, 
the  principal  important  points  must  be  l>orne  in  mind.  These  points* 
are:  1.  The  manner  of  the  distribution  of  the  diet,  2.  A  lai^  supply 
of  albumins  in  general.  3.  A  generous  supply  of  albumins  in  the 
mtirning  hours  in  particular. 

Without  cfjnsidering  the  actual  complications  of  chlorosis,  it  may  be 
necessary  to  vary  the  diet  un  account  of  unusual  emaciation,  a  tendency 
to  obesity,  or  prononnce*l  gastric  disturbance.     In  all  of  tliese  cases  it 
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4 
is  usually  necessary  to  give  very  exact  quantitative  directions  in  refer- 
ence to  food  and  drink.  We  will  not  attempt  to  give  a  list  of  diets, 
because  successful  results  are  attained  only  by  the  strictest  attention  to 
the  details  of  the  individual  case.  Some  general  observations  are,  how- 
ever, necessary. 

The  Diet  for  Unusual  Emaciation. — ^Anorexia  or  gastric 
disturbances  are  almost  always  present ;  if  this  were  not  the  case,  ema- 
ciation would  scarcely  have  made  its  appearance.  It  frequently  suffices 
to  place  the  patient  under  the  influence  of  new  surroundings  and  of  a 
diet  rich  in  variety ;  they  then  eat  more  of  their  own  accord  and  soon 
gain  in  weight.  This  peculiarity  is  very  frequently  observed  in  patients 
who  are  in  a  bad  state  of  nutrition  when  they  enter  the  hospital ;  the 
ordinary  hospital  diet  requires  but  few  additions  to  cause  an  increase 
of  several  pounds  in  the  body  weight  within  two  or  three  weeks  (see 
p.  442).  Many  other  cases  are  not  improved  by  such  simple  measures ; 
they  require  a  systematic  course  of  feeding.  These  cases  require  those 
foods  which  do  not  overload  the  stomach  ;  they  must  contain  a  high 
nutritive  value  in  a  small  volume.  This  is  best  attained  by  increasing 
the  easily  digested  fats  (cream,  butter,  oil  of  sesame,  cod-liver  oil). 
The  supply  of  albumin  need  not  necessarily  be  increased  above  the 
ordinary  daily  amount  of  100  to  110  gm.  (3J-3§  oz.).  The  carbohy- 
drates and  v^tables  should  be  prepared  with  as  much  fat  as  possible. 
We  do  not  consider  it  advisable  to  give  the  carbohydrates  a  prominent 
place  in  the  dietary  ;  they  are  simply  to  be  utilized  as  accessories.  The 
number  of  the  meals  must  frequently  be  increased ;  this  is  best  accom- 
plished by  giving  milk  early  in  the  morning,  before  rising  (about  an  hour 
before  breakfast),  and  late  in  the  evening,  before  retiring.  The  use  of 
alcohol  is  important. 

The  Diet  to  be  Employed  When  There  is  a  Tendency  to 
Obesity  and  Retention  of  Water  in  the  Tissues.— During  the 
existence  of  the  chlorosis  it  is  not  advisable  to  attempt  actually  to  reduce 
the  fat ;  obesity  treatment  always  require  the  greatest  caution  when 
employed  in  youthful  individuals.  It  is  much  l)etter  to  wait  until  the 
chlorosis  has  been  cured  before  an  attempt  is  made  to  reduce  the  obesit)'. 
In  the  meantime  care  should  be  taken  that  the  diet  does  not  cause  a 
further  accumulation  of  fat.  This  is  to  be  accomplished  only  by  a  most 
careful  study  of  the  previous  diet.  It  will  usually  be  found  that  the 
diet  was  altogether  too  rich  (frecjuently  as  the  result  of  unreasonably 
large  quantities  of  milk).  Only  the  excess  should  be  cut  down ;  if 
the  diet  is  so  arranged  that  it  furnishes  about  30  to  34  calories  to  the 
kg.  (2.2  lb.)  of  body-weight,  the  excessive  loss  of  fat  in  young  girls 
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will  he  just  as  surely  avoided  as  will  any  oon^iderable  accurnutatioii 

of  adipost!  tissue. 

In  those  ehtorotics  who  have  a  tendency  toward  ol^e&^ity,  however, 
there  is  also  anotlier  very  important  point  to  be  considered.  In  almoe>t 
all  anemic  jmlthohs,  and  parhcularly  in  elilomtics,  the  increased  amoont 
of  fat  is  associated  with  an  abnormal  accumulation  of  water  in  the 
tissues  (see  pp.  402,  455).  In  spite  t»f  perfect  functional  activity  of  the 
kidneys,  the  [jatients  have  a  puffy  apjjearance  and  tend  to  have  edemas. 
The  tiasucs  are  rich  in  water  not  beciiiise  of  renal  ins^nrtieieney,  but 
because  the  water  is  retained  in  the  bhitid,  and  particularly  in  the  tis- 
sues. It  is  true  that  chemic  examinations  of  the  tissues  have  not 
been  made,  but  the  results  attaine*!  by  limiting  the  amount  of  water 
furnish  evidence  of  an  unmistakable  character.  These  patients  are 
usually  girls  who  have  lieen  drinking  large  quantities  of  milk  and  who 
have  excreted  a  correspondingly  large  amount  of  water)*  urine  (see 
p.  508), 

In  such  cases  we  regard  it  as  one  of  the  most  important  therapeutic 
problems  to  remove  the  water  from  the  tissues.  The  excessive  amount 
of  water  in  the  tissues  is  an  obstacle  to  recovery  and  opposes  the  favor- 
able iuffuenee  of  the  iron  therapy.  After  the  removal  of  this  water 
we  have  frecjuently  seen  a  chlorosis  disappear  when  it  liad  previously 
resisted  energetic  treatment  with  iron.  We  are  verj^  much  inclined 
to  place  the  good  results  obtaine<l  by  sweating  (see  p,  502)  upon  a 
parallel  with  those  which  follow  a  diet  in  which  the  amount  of  water 
is  limited. 

The  weight  will  show  how  much  water  may  l>e  accumulateil  in  the 
tissues  without  any  indication  of  actual  edema.  If  the  amount  of  water 
taken  by  these  corpulent  and  pufty-looking  chtort^tics  is  limited  to  about 
1200  o.c,=^  1,267  t\t.  (not  including  the  water  in  the  solid  foods),  the 
body- weight  rapidly  falls  ;  the  amount  of  urine  remains  large  or  is 
even  increased^  as  is  the  case  in  the  **  dry  treatment  '^  described  by 
Oertel  for  4?^lematons  heart  cases.  The  loss  in  weight  is  due  entirely 
to  the  extraction  of  water  from  the  ti-^sues,  since  the  amount  of  oxidiz- 
able  food  corresponds  to  the  demand,  thus  precluding  combustion  of 
anv  of  the  fat.  The  losses  of  weight  which  we  have  observed  varied 
between  4  and  8  kg.  (8.8  and  17.0  lb.)  within  two  or  three  weeks. 
Althougli  these  cases  ivceivetl  no  iron,  almost  all  tlie  disturbances  dis- 
appeared during  this  time ;  this  was  (juite  marked  in  reference  to  the 
dyspnea,  palpitation,  and  sense  of  fatigue. 

The  Diet  for  Gastric  Disturbances-^ — If  gastric  disturliaQoea] 
are  present  the  dietetic  measures  must  be  changed  accordingly.     We 
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agree  with  v,  Niemeyer,  ImmermanD,  aoJ  others,  that  gastric  disturb- 
ances do  not  coiitra-iDdicate  the  admin it^t^atiuIl  of  iran,  but  we  do  not 
go  00  far  in  sucli  caries  as  to  neglect  the  gastric  disturbances  and  to 
expect  to  cure  these  individuals  with  iron  alone.  We  have  become 
convinced  from  an  extensive  exjKTienee  that  the  nutritive  disturbances 
which  result  trom  the  uegleet  of  the  gastric  symptoms  work  against  the 
cure  of  the  clilon*sis ;  antl,  vicr  verad^  the  recover)^  is  greatly  aided  by 
adapting  the  diet  so  tliat  all  of  the  digestive  powers  may  be  utilized. 

The  subjective  symptoms  are  much  more  marked  in  ehlorotics  than 
would  be  ex[>ected  from  the  objective  examination  of  the  stomach  and 
of  the  gastric  digestion.  Some  pathologic  processes  are  at  work  in  the 
stomach,  as  is  shown  by  the  frecjuent  hyperaeidity,  the  rarer  subacidity, 
and  the  atony  which  may  amount  to  dilation. 

As  a  result  of  the  gastric  disturbances  there  is  a  diminutioD  of  the 
amount  of  food  ingested  and  some  emaciation  makes  its  appearance. 
The  therapeutic  points  to  lie  observed  are  pmctically  those  which  have 
been  consi(]ered  under  the  dietetic  treatment  of  unusual  emaciation,  but 
owing  to  the  sensitiveness  of  the  stomach  to  overloading  the  distribution 
aod  multiplication  of  the  meals  must  be  carried  still  further.  We  have 
always  fountl  it  well  to  feed  severe  cases  regularly  at  two-hour  inter- 
vals, so  tbat  from  8  A,  M.  until  10  p.  M.  eight  small  meals  are  taken. 
In  saving  the  skmiach,  it  seems  to  me  to  be  of  special  importance  to 
separate  the  st>lid  from  the  liquid  foods ;  in  accordance  with  this  prin- 
ciple, liquid  fmnl  aod  more  solid  nutriment  are  given  alternately.  The 
amount  of  the  liquid  should  never  exceed  ^  L,  (J  pt.),  and  the  inter- 
mediate g*:)lid  food  should  never  weigh  more  than  100  gm.  (3 J  <iz.).  In 
order  to  obtain  the  highest  nutritive  value  in  the  smallest  volume, 
cream  and  butter  are  to  be  used  as  generously  as  possible*  Many 
patients  who  had  been  previously  placed  upon  the  scantiest  diets  on 
account  of  violent  gastric  disturbances  received  in  this  manner  a  daily 
amount  of  about  150  gm.  (5  oz.)  of  fat ;  they  bore  it  very  well,  gained 
rapidly  in  weight,  and  lost  their  gastric  disturbances  in  a  short  time. 
We  have  frequently  pointetl  out  that  the  easily  digeste<l  fats  should  not 
be  banished  from  the  diet  of  patients  with  gastric  disturbances ;  their 
es: elusion  from  the  dietar}^  of  gastric  di-^turbantt^s,  evidently  (»f  a  second- 
ary nature  (ils  in  chlorosis),  is,  in  our  judgment,  a  grave  error  which 
most  seriously  endangers  the  nutrition  and  strength  of  the  patient. 

With  the  exception  of  iron,  medicinal  treatment  is  usually  8uper- 
fltious.  Nevertheless,  it  can  not  be  denied  that  hydrochloric  acid 
(twenty  minuter  before  eating)  sometimes  increases  the  ap]x»tite  and 
facilitates  the  ingestion  of  focjd.     We  have  seen  this  result  of  hydro- 
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cliloric  acid  even  in  patients  who  suftered  frora  byperchlurhydria  during 
the  digesti%^e  period  ;  hydnjchluric  acid  after  meals  would  be  of  value 
only  if  tbe  secretion  of  hydrochloric  aeid  was  diminished.  Ejctr. 
etrychni  in  combination  with  eJttr,  belladJ  h  naore  frequently  of  value 
than  is  hydrtjchluric  acid.  The  first  of  these  is  one  of  the  best  remedies 
for  miid  degrees  of  atony  of  the  stomach,  and  the  latter  dulls  the  gastric 
hyj^»eresthesia  to  a  much  greater,  and  to  a  much  less  harmful,  exteot 
thau  the  opiates.  They  are  both  given  in  .solution  or  in  pillf?,  three  or 
four  times  daily,  before  eating.  Only  a  small  nunilier  of  pills  should 
be  prescribed  at  one  time,  since  only  the  soft  and  freshly  prepared  pills 
are  to  be  employed. 

If  either  liy perch lorhydria  or  atony  is  preseDt  the  stomach  may 
oc!ca.sioiJally  be  washeil  out,  but  brilliant  result^n  are  not  to  be  expected. 
Thiti  measure  does  good  only  when  the  food  is  retained  id  the  stomach 
for  an  unusually  long  time.  The  be^t  time  for  lavage  id  about  7  P.  M. ; 
at  8  p.  M.  the  patient  .should  ret^eive  a  .small  quantity  of  brotli,  and  at 
10  P.  M.  :J  L.  (1  pt.)  of  milk  and  cream. 

The  Treatment  of  Constipation. — If  at  all  possible,  special 
treatment  i^f  the  constipation  i.^  to  be  avoided.  A  sensible  diet  and 
mode  of  life  corresponding  to  the  demands  of  the  individual  case  will 
usually  suffice  to  regulate  the  cuuditiou  of  tlte  bowels.  A  generous 
quantity  of  vegetables  and  fniits  has  a  particular  influence  in  this  direo- 
tiou  (see  p.  r>0*J).  If  so  murh  harn)  has  been  done  by  an  inappropriate 
diet  in  the  j>ast  that  the  constipatitJii  persists  tn  spite  of  a  new  dietary, 
the  milder  laxatives  may  be  cmployetL  Those  substances  are  best 
which  nuiy  be  taken  in  the  evening  and  which  cause  a  movement  of  the 
bowels  upon  the  folhiwing  niuriviiig  (tamarinds,  laxative  teas,  Curella's 
Brustjtulver,  nnfeland^s  jMiwder  for  children,  rhubarb  [>o\vder  combined 
with  an  alkali).  In  practice  enemata  are  usually  the  first  remedieg 
employed,  Ijctniuse  they  are  supposed  to  lie  the  least  harmful  means  for 
facilitating  the  action  of  the  bowels.  It  is  impossil>le  to  determine  how 
this  opinion  ever  originated  ;  but  it  is  wholly  incorrect,  and  the  oppo- 
site is  true.  If  the  habitual  consiipatitin  of  chloroties  is  treated  with 
enemata  the  malady  will  l>e  madr  worse  thau  ever. 

The  treatment  of  the  c(*nstipation,  however,  must  not  degenemte 
into  an  actual  laxative  treatment  of  the  chlorosis.  There  Ima  been  no 
lack  of  opinions  favoring  su<4i  a  course.  These  opinitms  are  baii^ 
upon  the  theory  that  clilorosis  is  dependent  n\Km  intestinal  decom- 
position (see  p.  419)*  The  same  idea  has  caui^ed  other  writers  to  lay 
the  greatest  emphasis   upon   the  *^  disinfection   * jf  the  intestine  " — the 

*  According  to  the  Germjon  I*harmtieopeU>. 
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labor  of  a  Sisyphus  !  Creosote,  naphthalin,  )9-iiaphthol,  tbioformy  and 
many  other  substances  have  consequently  been  added  to  the  list  of 
antichlorotic  remedies  (A.  Pick,*'*  Ch.  W.  Townsend  *'*).  These  reme- 
dies are  temporarily  employed  in  certain  localities,  but  they  have  never 
acquired  any  importance  outside  the  practices  of  individual  therapeutists. 

PHYSICAL  EXERCISE. 

It  is  impossible  to  give  general  rules  as  to  the  amount  of  physical 
exercise  which  should  be  required  of  chlorotics.  In  the  past  the  general 
tendency  has  been  to  cause  these  patients  to  exert  themselves  as  much 
as  possible,  and  sufficient  physical  exercise,  particularly  in  the  open  air, 
was  advised  as  an  important  accessory  measure  to  stimulate  hematopoi- 
esis  and  cure  the  chlorosis.  Recently,  on  the  contrary,  much  stress  has 
been  placed  upon  saving  the  strength  as  much  as  possible.  Hayem,^* 
Nothnagel,^  M.  Mendelsohn,^  Albu,*'*  and  the  more  recent  works 
upon  practice  have  even  pointed  out  the  advantage  of  long-continued 
rest  in  bed. 

In  the  decision  of  this  question  it  is  of  the  utmost  importance  that 
we  should  not  be  influenced  by  the  temporary  popular  opinion.  The 
proper  solution  is  to  be  found  only  in  the  study  of  the  individual 
case. 

In  severe  and  moderately  severe  cases  it  is  always  well  to  commence 
the  treatment  with  absolute  rest  in  bed.  The  patients  often  object 
strenuously  to  this,  but  in  a  short  time  the  rest  is  regarded  as  a 
great  benefit.  Many  chlorotics  are  annoyed  by  the  constant  struggle 
between  their  desires  and  their  physical  inability  to  gratify  them  ;  the 
rest  in  bed  ends  or  diminishes  this  combat.  The  frame  of  mind  is 
improved,  serious  disturbances  soon  disappear,  self-confidence  and  con- 
fidence in  the  treatment  returns,  and  the  observance  of  the  dietetic  and 
medicinal  measures  is  facilitated.  Rest  in  bed  is  to  be  particularly  in- 
sisted upon  if  serious  complications  are  present.  It  is  self-evident  that 
patients  with  thrombosis,  gastric  ulcer,  canliac  dilation  and  weakness, 
or  frequent  and  long-continued  attacks  of  amaurosis  belong  in  bed ;  a 
tendency  to  edema  of  tlie  feet  and  to  frequent  attacks  of  dizziness  and 
unconsciousness  require  the  same  prescription.  The  result  obtained 
must  determine  the  duration  of  the  rest  in  lx»d.  We  would  not  recom- 
mend that  a  chlorotic  should  be  kept  in  bwl  any  longer  than  is  abso- 
lutely necessary.  In  ordinary  cases,  which  demand  absolute*  rest  on 
account  of  the  severity  of  the  disease  in  general  and  not  on  account  of 
existing  complications,  two  or  three  weeks  will  usually  suffice ;  in  rare 
instances  four  or  five  weeks  or  even  a  longer  period  of  time  may  be 
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secessary.  The  transition  from  absolute  rest  to  active  exercise  should 
be  gradual. 

Iq  the  milder  cases,  which  constitute  the  majority,  and  in  convales- 
oence  from  severe  chlorosi.s,  the  patients  should  rest  at  least  several 
hourrf  every  day.  We  do  not  mean  by  this  that  tlie  patient  is  to  pro* 
long  the  ni^ht  into  the  day  and  to  remain  in  bed  until  late  in  the  morn- 
ing. Thi.s  result  h  to  be  better  attained  as  ftjllows  :  while  the  [latient 
is  still  ill  Ix'tl  between  7  and  8  A.  M,,  according  to  the  sea^n  of  the 
year  and  the  custom  of  the  house,  she  is  to  Ix^  given  a  glass  of  milk 
(t>00-4U0  ex.  —  *JJ-r2J  nz.).  A  half-hour  later  the  patient  rises,  dresses 
herself,  and  takes  breakfast  with  the  family  (for  the  composition  of  the 
breakfast,  see  p.  510),  After  breakfast  the  patient  again  lies  down, 
either  in  bed  or  upon  a  comfortable  sofa  ;  experience  shows  that  many 
patients  fall  asleep  during  this  peritxl,  which  should  be  of  about  an 
hour's  duration.  A  second  rest  is  to  be  prescribed  for  the  hour  follow- 
ing tlie  dinner.  In  the  evening  the  patient  should  retire  two  hours  after 
supper,  and  never  later  than  10  p.  m.  This  division  of  the  day  is  to 
be  recommended  wherever  the  saving  of  the  pat i en tV  strength  is  indi- 
cated ;  it  should  also  be  rigidly  observed  at  the  chalybeate  baths. 

Numerous  cases  of  chlorosis  recover  witliout  any  such  saving  of 
the  jjatients.  Everyone  knows  this,  but  the  fact  should  not  be  employed 
as  an  argument  against  such  measures.  It  is  important  that  the  physi- 
cian should  bear  those  measures  in  mind  which  produce  the  most  rapid 
and  certain  recoveries.  Unfortunately^  circumstances  prevent  us  from 
always  carrying  out  that  which  we  h*ok  upon  as  desirable,  and  conces- 
sions must  frequently  be  made,  particularly  in  reference  to  the  subject 
under  discussion.  We  sfiuukl,  hcjwever,  nut  iail  to  recognize  that  tlie 
cure  of  the  chK»rosis  is  delayed  if  the  strength  of  the  patient  is  not 
savctl  and  if  she  is  allowed  to  wander  about  at  her  own  pleasure.  The 
truth  of  this  statement  is  definitely  proved  by  the  numen.>us  chlorotic 
girls  who  are  admitted  to  the  public  hospitals,  A  few  days  in  bed  are 
sufficient  to  ameliorate  the  entire  condition  and  to  muse  the  disappear- 
ance of  the  headache,  di^sziness,  attacks  of  unconsciousness,  nausea,  and 
loss  of  apjietite. 

As  soon  as  the  chlorotics  regain  their  strength,  muscular  exercise  in 
the  open  air  may  be  prescribwl  for  the  milder  cases.  This  sliould  not 
be  carried  to  excess,  or  tlie  entire  success  of  the  treatment  will  be  jeop- 
anlizcd.  From  a  general  hygienic  stand |K>int  it  is  a  most  excellent  thing 
that  the  young  women  of  to-tlayare  more  inclined  to  sports  and  to  out- 
door exercises  than  were  the  members  of  the  preceding  generation. 
This  free  exercise  of  muscular  power  is  to  be  permitted  only  in  per- 
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feet  health ;  in  the  case  of  the  chlorotics,  who  need  their  strength,  the 
amount  of  muscular  exertion  must  be  just  as  definitely  prescribed  by 
the  physician  as  are  the  hours  of  rest. 

HYDROTHERAPEUnCS. 

The  tendency  of  the  times  is  toward  the  extensive  employment  of 
hydrotherapeutic  measures.  Although  this  movement  does  not  always 
originate  from  professional  sources,  the  physician  should  also  make  use 
of  these  measures  in  the  treatment  of  chlorosis.  Much  to  the  detri- 
ment of  the  patient  they  are  too  infrequently  employed ;  and  the  danger 
is  imminent  that,  because  of  this,  the  lay  public  will  come  to  place 
hydrotherapeutics  in  a  certain  contrast  to  scientific  medicine,  whereas  it 
is  only  one  of  its  useful  adjuncts.  The  careful  study  and  appreciation 
of  hydrotherapeutics  by  the  practical  physician  would  surely  save  many 
patients,  and  no  small  number  of  chlorotics,  from  the  extreme  and  harm- 
ful procedures  to  which  the  physicians  and  laymen  who  practise  hydro- 
therapy, with  some  brilliant  exceptions,  are  only  too  easily  inclined. 

Cold  Baths  and  Douches. — In  chlorosis  all  hydrotherapeutic 
measures  which  extract  heat  from  the  body  should  be  avoided.  This 
group  includes  tub  baths  at  a  temperature  lower  than  32°  C.  (89.6® 
F.),  and  with  certain  exceptions,  also  river-  and  sea-batbing.  In  the 
milder  cases  river-bathing  (swimming)  may  be  allowed  in  midsummer 
if  the  water  attains  a  temperature  of  22®  C.  (71.6®  F,),  and  if  the  air 
is  warm  at  the  same  time.  For  sea-bathing  the#water  should  have  a 
temperature  of  a  least  20®  C.  (68®  F.),  and  the  air  should  also  be 
warm.  Neither  the  river  nor  the  sea  baths  should  be  of  more  than  a 
few  minutes  duration.  The  bath  is  to  be  followed  by  a  vigorous  rub- 
bing of  the  skin.  Chlorotics  are  very  sensitive  to  cold  baths ;  they  are 
frequently  chilled  for  a  long  time  after  the  bath  and  lose  apj>etitc  and 
sleep.  We  can  do  no  more  than  to  add  our  warning  ^  against  cold 
baths  to  those  of  Muroi  ^^  and  of  O.  Roscnbach.* 

All  forms  of  hydrotherapy  which  produce  a  marked  shock  are  to  be 
avoided  in  chlorosis.  Such  are  the  cold  douches  and  many  varieties  of 
friction  with  cold  water.  They  increase  the  nervous  excitability  of  the 
patient. 

The  following  treatment  is  to  be  recommended  : 

Cold  Rubbings  in  a  Modified  Form. — The  best  time  to  be 
selected  is  just  after  the  patient  has  drunk  her  milk  and  while  she  is 
still  in  bed.  The  back  is  to  be  rubbed  several  times  with  a  wet  rough 
towel  (temperature  about  20®  C.  =  68®  F.),  and  this  is  to  l)e  followed 
by  brisk  friction  with  a  rough  cloth  until  the  skin  is  dr}',  warm,  and 
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red.  More  importance  attaches  to  the  subsequent  frictioo  and  reaction 
of  the  skin  than  to  the  preeediug  moiyt  rubbing.  After  the  patient 
liei^  down  the  arm  and  the  corresponding  side  of  the  breast  are  to  be 
treated  in  a  similar  manuerj  and  the  pn^oedure  is  to  be  eontinued  by 
degrees  until  the  entire  bmly  has  been  bndied.  Only  one  portion  of 
the  bmlj  is  hare  at  one  time,  and  it  is  again  covered  as  §oon  as  the  rub- 
bing hus  lx?en  eouipletetl.  After  the  entire  Ixxly  has  been  gone  over  in 
this  manner  the  patient  is  to  remain  in  bed  for  a  short  time. 

Friction  carried  out  in  tliis  manner  is  one  of  the  best  means  of  im- 
proving the  peripheral  eireuhitiuu.  The  favoralile  influence  upon  the 
sensitiveness  to  cold,  and  upon  the  rapidly  changing  sensations  of 
lieat  and  chilliness,  are  unmistakable;  the  tendency  to  headache,  palpi- 
tation, and  pains  in  the  limbs  are  also  combated. 

These  frictions  may  be  carried  out  in  all  cases  of  chlorosis,  being 
well  borne  in  the  severe  forms.  They  are  not  necessiirily  to  be  neglected 
at  bathing  resorts,  where  the  patients  take  the  mineral  baths  several 
times  a  week  ;  they  nuiy  at  least  he  taken  on  those  days  when  the  full 
baths  are  omitted.  During  menstruation,  or  at  least  during  the  first 
two  days,  the  frictions  should  not  be  given. 

Warm  fdll  baths  may  he  prescribed  upon  two  days  in  the  week, 
provided  that  they  can  l>e  taken  at  homo.  The  tem|ieniture  should  be 
34*"  C\  =  93.2°  F.,  and  the  duration  ten  minutes.  The  best  time  for 
this  bath  is  lietween  5  and  6  i\  M,  After  the  bath  the  patient  should 
go  to  betl  and  reraaiif  there  until  sujipcr  time.  Certain  substances  may 
be  addtd  to  the  hath  water  wliich  have  a  slightly  stimulating  action 
upon  the  skin  (sea-salt,  lye,  extract  of  pine-needles).  If  domestic  con- 
ditions do  not  allow  of  the  batli  being  biken  at  home,  it  is  Ix^st  omitted 
in  cases  of  mcHlemte  severity  ;  if  the  fwitient  Ciin  not  rest  in  bed  after 
the  bath,  it  m  followed  by  niihl  depression  and  relaxation  lasting  several 
hours  instead  of  the  expected  refi*eshing  stimulation. 

Mineral  Baths. — By  mineral  baths  is  meant  the  baths  in  which 
free  c4irl>onic  acid  is  given  off  in  bubbles.  This  proj>erty  h  jxrssesLsed 
by  all  of  the  carbonated  chalybeate  springs  (Schwalbach,  Rippoldsau, 
Pyrmont,  Driborg,  8i.  Moriz,  etc.),  and  by  numerous  brine  baths 
(Soden  I.  Th.,  Nanheim,  Homhurg,  Kissingen,  Marienquelle  in  Mari* 
en  bad,  Tamsp,  and  many  others).  Carbonated  baths  have  also  beeji 
artificially  prepared,  but  in  spite  of  great  advances  in  the  technic  they 
have  not  attained  the  completeness  of  the  natural  carl>onated  springs. 

The  virtue  of  all  of  the  carlK>nate<l  springs,  used  for  bathing  pur- 
poses depends  entitxily  upon  the  containetl  carbonic  acid,  and  it  does  not 
matter  whether  the  other  substance  in  the  water  is  iron  or  ^ium 
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chlorid.  If  the  baths  alone  are  to  be  oonsidered,  we  might  just  as  well 
send  our  chlorotics  to  Soden  and  Nauheim  as  to  Schwalbach  and  Bip- 
poldsau  (Hughes,^  £.  Hirsch  "^).  As  has  been  previously  pointed  out^ 
however,  it  is  of  at  least  as  much  importance  that  the  patient  should 
drink  the  fresh  water  of  the  chalybeate  spring  (see  p.  495). 

It  is  not  necessary  to  dwell  upon  the  importance  of  carbonated 
bathsy  since  the  most  important  facts  have  been  previously  stated.  On 
account  of  their  excellent  effect  upon  the  general  condition  they  are  among 
the  most  useful  remedies  for  the  treatment  of  chlorosis.  They  possess 
the  property  of  stimulating  the  nervous  system,  without  subsequent 
relaxation,  to  a  much  more  marked  degree  than  do  the  ordinary  full 
baths  or  the  non-carbonated  brine  baths,  and,  vice  vers&,  they  are  able 
to  quiet  any  excessive  irritability. 

The  employment  of  carbonated  baths  is  indicated  in  almost  every 
case  of  chlorosis  in  which  the  strength  will  permit  of  the  use  of  baths 
in  general.  Caution  must  be  exercised  in  severe  cases,  since  the  patients 
not  infrequently  are  attacked  in  the  bath  by  dyspnea,  palpitation,  and 
even  by  dizziness.  This  is  due  to  the  fact  that  the  air  over  the  water 
contains  a  large  amount  of  carbonic  acid.  This  has  no  deleterious 
effect  upon  healthy  individuals,  but  chlorotics,  who  have  diflBculty  in 
obtaining  sufficient  oxygen  for  their  tissues  on  account  of  the  diminished 
quantity  of  hemoglobin  in  their  blood,  suffer  from  the  high  percentage 
of  carbonic  acid  in  the  inspired  air.  They  are  not  only  in  danger  of 
becoming  unconscious — ^a  circumstance  of  rare  occurrence — but  for 
several  hours  after  the  bath  they  remain  in  a  condition  of  anxious  excite- 
ment. In  these  bathing  resorts  thLs  is  largely  to  be  avoided  by  cover- 
ing the  tubs  and  by  securing  good  ventilation  of  the  bath  rooms.  In 
many  places,  however,  the  technical  appointments  leave  so  much  to  be 
desired  that  patients  with  only  mild  degrees  of  chlorosis  can  not  take 
the  carbonated  mineral  baths  without  suffering  from  some  of  these 
annoying  symptoms.  These  conditions  are  to  be  regretted  in  proportion 
to  the  strength  of  our  conviction  of  the  efficacy  of  the  baths. 

Notlnng  can  be  said  in  a  general  way  in  reference  to  the  number  of 
baths.  Many  physicians  are  in  the  habit  of  sending  their  patients  to 
the  chalybeate  springs  with  the  direction  that  they  shall  take  a  definite 
number  of  baths ;  the  patients  go  to  the  baths  with  a  time  schethile,  as 
it  were,  and  consider  tlieniselves  unfortunate  or  the  entire  treatment  a 
failure  if,  for  some  reason  or  other,  tliey  can  not  reach  the  stilted  num- 
ber of  baths.  Wo  considtT  such  directions  as  thoroughly  reprehensible. 
It  can  never  be  told  in  advance  how  the  patients  will  stand  the  baths ; 
even  if  they  have  taken  them  before,  tlie  condition  of  affairs  may  be 
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quite  different  upon  a  subsequent  occasion.  The  carbonated  bath^  have 
8ucb  varies]  effects  upon  different  individuals  and  must  be  so  modified 
in  frequeney,  tcraperaturej  and  duration  according  to  their  influence 
upon  the  body,  tbat  a  medical  control  at  the  bath  can  not  be  Delected, 
In  the  intere^its  of  the  patient  we  would  say  thiit  it  is  deplorable  if  the 
|)hysiciau  Ijelieves  that  he  can  direct  the  course  of  the  bath  treatment 
from  tlie  home  of  the  patient,  and  consequently  pmctically  advises  the 
patient  to  avoid  the  physician  at  the  baths. 

As  a  rule,  t!ie  conditions  are  so  arranged  that  the  patient  takes 
three  or  four  baths  a  week  ;  those  who  take  more  than  five  baths  a 
week  are  rare  exceptions.  The  average  duratioo  of  the  bath  is  fntm 
twelve  to  fit\eeo  uitnutes ;  the  teni]KTature  varies  Ix^tween  IM^  and  33^ 
C.  ^  87.8^  to  9L4°  F.  Atler  the  bath  the  ehlorotic  should  lie  down 
and  rest,  in  contrast  to  many  other  patients,  who  are  directed  to  take  a 
half-hour's  walk  after  their  bath. 

Reeeutly  in»n-l>riue  baths  have  been  recommended  in  chlorosis,  and 
the  nmnagemeut.s  of  the  sanitariums  at  the  chalybeate  liaths  have 
done  everything  iu  their  power  to  procure  facilities  for  giving  brine 
baths.  Our  impression  is  that  these  efforts  are  nnt  particularly  praise- 
worthy, as  far  as  the  treatment  of  chlorosis  is  etaicerned.  In  certain 
tiomplie^itious,  such  as  diseases  of  the  sexual  organs  or  obstinate  mus- 
cular  pains  with  neuralgia,  the  brine  baths  may  be  quite  valuable;  in 
tmeomplicated  eases  of  chlorosis  the  chalybeate  baths  are  entirely 
sufficient. 

The  details  of  the  treatment  at  the  springs  and  baths  are  to  be  found 
at  p,  497. 

Sweat  baths  and  other  diaphoretic  treatments  for  chlorosis  were 
first  euiploycil  iu  eoiiuection  with  venesection,  Dyes,^  Wilhelmi,"* 
Scholz,^  and  Schubert  '^*  rt^rd  the  marked  iKTspiration  which  may 
easily  be  pr^jduced  by  hot  packs  after  venesection  as  the  chiel'  benefit  to 
be  dt^iveil  Ikmi  the  withdrawal  of  blocKl.  Scholz  seems  to  have  been 
the  first  to  have  made  systematic  use  of  diaphoretic  procedures  Mithoat 
venesection  iu  chlorosis.  The  treatment  by  sweating  is  likewise  recom- 
mended by  Kuunc,^  Dehio,^  ami,  with  certiiin  limitations,  also  by 
Nonne^  and  P.  Schmidt.  Leuhartz^*  and  O.  Rosenbacb  *  are  de- 
cidedly opposed  to  such  procechires. 

We  have  had  tfK>  little  {>ersoual  experience  with  the  diaphoretic 
treatment  of  chhirosis  to  form  an  opinion  of  its  value.  From  the  state- 
ments of  authors,  it  seems  to  have  tieeu  established  that  the  sweating  at 
least  does  no  harm  ;  excellent  results  indeed  seem  to  have  been  obtained 
in  numerous  cases  by  the  diaphoretic  treatment.     The  so-called  sweat 
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beds  or  similar  appliances  may  be  employed ;  one  of  the  good  ones  is 
known  as  the  ^^  Phoenix."  Hot  baths  with  subsequent  hot  packs  are 
also  recommended.  After  the  sweating,  Dehio  directs  that  the  body 
should  be  rubbed  with  warm  dry  cloths. 

How  much  of  the  result  is  due  to  the  sweat  bath  and  how  much  to 
the  accessory  circumstances  (rest  in  bed,  administration  of  iron,  vene- 
section, etc.)  can  scarcely  be  determined.  We  regard  the  question  as 
one  that  has  not  been  decided. 

We  are  just  as  much  in  doubt  as  to  the  explanation  of  the  curative 
influence  of  the  sweating.  One  of  the  first  suppositions  was  that  dele- 
terious substances  were  excreted  in  the  perspiration  (Konne) ;  no  proof 
of  this  statement  has  ever  been  ofi^ered.  We  are  inclined  to  the  opinion 
that  the  dehydration  of  the  tissues  has  something  to  do  with  the  result. 
In  a  previous  chapter  it  was  pointed  out  that  many  chlorotics  collect 
too  much  water  in  their  tissues,  and  that  it  is  desirable  to  remove  this 
excess.  We  would  consequently  place  the  diaphoretic  treatment  in  the 
same  class  as  the  treatment  with  a  dry  diet  (see  p.  513).  Until  our 
practical  experience  has  become  more  extended,  however,  theories  are 
of  secondary  importance. 

SEXUAL  LIFE. 

The  question  has  been  raised  as  to  whether  chlorosis  did  not  have 
an  important  bearing  upon  the  regulation  of  the  sexual  life.  In  a 
general  way  the  question  may  be  answered  absolutely  in  the  negative. 

The  only  important  point  is  whether  chlorotic  girls  should  be 
allowed  to  marry.  Practical  experience  has  long  since  given  its  de- 
cision. In  any  mild  case  of  chlorosis  no  one  would  think  of  forbidding 
marriage,  and  it  is  even  claimed,  with  a  certain  amount  of  justification, 
that  the  regular  sexual  life  aids  in  overcoming  the  chlorosis.  This 
experience  agrees  with  our  adopted  theory,  that  metabolic  processes  in 
the  ovaries  have  some  bearing  upon  the  origin  of  chlorosis.  With  the 
introduction  of  the  sexual  life,  from  its  beginning  to  pregnancy,  puer- 
perium,  and  lactation,  the  genital  glands  are  stimulated  by  influences 
that  were  previously  foreign  to  them,  and  whiith,  we  may  suppose,  exert 
a  powerful  influence  upon  the  metabolism  of  these  organs.  According 
to  our  theory,  hematopoiesis  must  also  derive  some  benefit  from  this 
chain  of  events  (see  p.  355). 

In  severer  cases  of  chlorosis  it  is  l)etter  to  postpone  marriage 
until  the  disease  has  been  cured.  If  we  should  expose  these  cases  to 
the  demands  of  young  married  life  and  housekeeping  we  should  be 
violating  our  adopted  principle,  that  chlorotics  should  be  spared  as 
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The  intercostal  neuralgia  of  cihioroties  holds?  a  pogition  pe(*uliar  to 
iteelf ;  this  hns  been  fully  diseuj^i^ed  at  p.  408.  We  weiv  reeeuily  told 
by  a  cblorotif-%  who  suffered  from  an  evidently  hys^teric  lefWided  inter- 
costal iieunilgiaj  tluit  the  ueuralgia  had  been  completely  cured  ever  since 
her  b<xly  had  been  exposed  to  the  action  i»f  the  2*-rays. 

Fainting  Attacks, — If  uneonsiiousness  and  di7.7jness  frequently 
make  tlieir  appearance  in  the  course  of  the  eblorosis,  the  physician 
should  insist  ujK^n  the  placing  of  the  |xitient  alisolutely  at  rest  in  bed. 
When  such  a  course  is  pui-suedj  beneficial  results!  are  not  long  in  mak- 
ing their  appearance.  If  it  is  believeil  that  permanent  rest  in  IkkI  can 
be  dispensed  with,  or  if  external  circumstances  make  its  employment 
iraix>ssible,  the  be^it  results  will  l>e  obtained  by  a  rigiil  regulation  of  the 
diet ;  the  meat  breakfa^st^  Avhich  we  have  previously  recommended,  is 
of  special  value  in  these  cases,  and  it  is  also  advisable  to  feed  the  jiatient 
at  intervals  of  two  hours,  A  mtiderate  amount  of  wine,  taken  in  small 
doses  during  the  cour^  of  the  day,  is  an  important  adjuvant. 

The  indiv^idual  attack  may  frecj[uently  be  terminated  by  immediately 
placing  the  patient  in  a  horizontal  position  and  giving  her  several  drops 
of  some  ethereal  solution.  At  this  place  we  wish  to  call  attention  ta 
the  superiority  of  acetic  ether,  which  is  cx)nsiderably  more  effective  thaa 
the  ordinary  sulphuric  ether,  not  only  for  the  fainting  spells  of  chlo- 
rotics,  but  also  for  the  much  gm\Tr  attiicka  of  dizziness,  oppres^sion,  and 
asthma  of  c^irdiac  and  nephritic  patients.  We  have  small  gelatin  cap- 
sules prepared  which  e<:jntain  0.20  to  0.25  gm.  (gr,  iij-iv)  of  acetic 
ether  (Rosenapotheke,  Frankfurt  a.  M.) ;  these  may  reiidily  be  carried 
by  the  patient  and  taken  when  they  are  needed.  As  a  rule,  one  capsule 
is  sufficient  to  prevent  the  fainting  attack. 

If  the  tendency  to  fainting  is  not  overcome,  the  attack  of  uncoD- 
sciousness  is  to  be  treated  accoRling  to  the  w*ell-kno\^Ti  principles  : 
dorsal  pisition  with  elevation  of  the  limbs,  loosenin^^  the  clothing,  par- 
ticularly the  airset,  rubbing  of  the  chest,  and  bathing  the  foi*eht*ad  with 
Cologne  w^ater  or  with  other  etherciil  or  alcoholic  solutions.  More  vig- 
orous measures,  such  as  the  injection  of  camphor  or  ether,  are  but  rarely 
necessary* 

Cutaneous  eruptions  dependent  upon  chhjrosis  usually  disappear 
under  the  combiuetl  administration  of  iron  and  arsenic  (see  p.  438). 
Certain  eruptions,  howevi'r,  are  an  usually  obstinate,  and  tliis  is  j>ar- 
ticularly  tnie  of  acne.  This  is  most  fre(]ucntly  observed  in  chloroties 
between  sixteen  and  eighteen  years  of  age.  Relief  from  the  disfiguring 
affection  is  a  matter  of  great  importanc^e  to  the  patient. 

In  addition  to  iron  and  arsenic,  which  are  always  to  be  employed 
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in  a  periodic  manner,  enei^tic  treatment  with  hot  baths  and  subsequent 
sweating  is  to  be  recommended.  The  diet  should  contain  a  generous 
qoantity  of  v^etables;  if  the  condition  of  the  digestive  organs  will 
permit^  a  pure  vegetable  diet  may  be  adopted  for  some  weeks.  The 
simultaneous  administration  of  sodium  chlorid  should  not  be  n^lected, 
since  this  is  one  of  the  most  important  requisites  for  the  success  of  the 
vegetarian  treatment  and  for  the  avoidance  of  deleterious  results.  The 
greatest  attention  must  be  directed  to  obtaining  regular  evacuations  of 
the  bowels. 

Quick  results  are  never  to  be  expected  in  the  treatment  of  chlorotio 

acne.  If,  however,  the  measures  which  have  been  suggested  are  patiently 

carried  out,  a  cure  will  certainly  be  accomplished. 
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much  as  |x>Rsible.  It  is  only  in  excseptional  cases  that  such  a  possibility 
is  t^  be  considercML  As  u  matttT  of  fact,  it  frequently  happens  thai 
young  girls  marry  while  they  are  still  niarketlly  ehlorotic  or  immedi- 
ately after  they  have  rec<jvered  from  the  greatest  severity  of  the  attack. 
Injurious  consefiuenws  do  iit»t  fail  to  make  their  apfiearanee.  A  severe 
recurrence  very  frerpieutly  places  the  young  wife  upon  a  sick-bed  in 
the  first  year  of  married  life ;  abortion,  endometritis,  and  hysteria  are 
then  quite  likely  to  become  manifest.  In  these  cases  sexual  intercourse 
does  more  harm  than  good  ;  so  long  as  the  chlorosis  is  present  the 
wife  is  less  cajxible  of  enjoying  sexual  relations,  and  frequently  suSefs 
severely  from  the  demands  made  upon  her.  This  may  be  tlie  source  of 
nervous  disturbances  of  the  most  varied  nature,  which  only  too  frequently 
cause  the  young  wife  to  become  hysteric. 

Under  certain  circumstances,  as  stated,  it  may  be  necessary  to  postpone 
marriage  on  account  of  chlorosis ;  true  chlorosis,  however,  is  not  an 
actual  obstacle  to  marriage.  It  would  be  so  were  it  definitely  known 
that  tlie  cblorotic  girl  would  be  jwrmancntly  sterile.  In  many  cases 
chlorosis  occurs  in  association  with  a  hy|Miplasia  of  the  genitalia  that 
may  l»e  so  extreme  that  im[iregnation  and  reproduction  are  out  of  the 
question.  In  these  cases,  however,  it  is  the  hypoplasia  of  the  genitalia 
and  not  the  chlorosis  which  is  the  cause  of  the  sterility. 

The  objective  examination  must  decide  whether  the  genitxdia  of  the 
ehlorotic  are  in  a  hopelessly  undevelopetl  state  and  constitute  an  obstacle 
to  marriage  ;  from  the  nature  of  things,  however,  it  is  only  in  the  mrest 
cases  that  this  examination  is  made  before  marriage. 

SYRnnroBiATic  treatment* 

Having  considered  the  general  treatment  of  chlorosis,  we  will  now 
turn  our  attention  to  the  treatment  of  certain  individual  symptoms. 
Some  of  these  have  already  been  considered  ;  for  exami>le,  the  treatment 
of  the  disease  when  it  is  ctimplicaled  with  severe  gastric  disturbances, 
with  constipation,  and  with  certain  skin  diseases. 

Headache »— Ordinarily  the  headache  of  chlorotics  requires  na 
special  treatment ;  it  calls  for  the  same  them|ieutic  measures  as  tho^ 
which  arc  employ cil  against  the  chlorosis.  Sometimes,  however,  the 
headaches  are  so  violent  and  obstinate  that  their  relief  become  a  matter 
of  primary  importance. 

Medicines  are  to  Ik*  used  as  little  as  possible,  and  only  when  results 
can  be  obtained  by  such  simple  reaiedies  as  valerian  and  pepiJermint. 
The  effectiveness  of  the  stronger  medicines,  such  as  anti pyrin,  phena- 
cetin,  s;di pyrin,  and  antifebrin,  is  &oon  exhausted  ;  their  use  has  a  ten- 
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dency  to  cause  both  physician  and  patient  to  increase  the  dose  constantly, 
and  to  employ  in  rapid  succession  the  oldest  and  the  hewest  remedies 
without  ever  attaining  the  desired  result.  The  antinervines  and  the 
antineuralgics  are  indicated  only  when  the  headaches  occur  in  intermit- 
tent attacks  ;  in  these  cases  they  bring  such  certain  and  rapid  relief  that 
it  seems  barbarous  not  to  employ  them  to  shorten  the  attack.  They 
should,  however,  be  avoided  in  the  severer  forms,  where  the  headache  is 
continuous,  dull,  and  stupefying. 

Where  these  constant  headaches  are  present,  the  treatment  that  never 
fails  is  continuous  rest  in  bed.  Even  after  a  few  days  there  is  consider- 
able improvement,  and  afl«r  a  week  at  most  the  headaches  entirely  dis- 
appear. It  is,  of  course,  to  be  understood  that  while  the  patient  is  in 
bed  she  is  to  be  spared  from  all  exciting  influences.  In  the  b^inning 
of  the  treatment  the  curative  measures  should  consist  chiefly  of  gener- 
ous nourishment,  the  patient  being  fed  every  two  hours ;  in  addition  to 
this,  iron  or  iron  and  arsenic  are  also  to  be  given.  Alcohol  is  to  be 
avoided.  As  soon  as  the  greatest  severity  of  the  attack  has  passed, 
hydrotherapeutic  measures,  such  as  cool  spongings  and  lukewarm  baths, 
are  indicated ;  when  first  instituted  these  procedures  are  followed  by 
slight  exacerbations. 

We  must  also  mention  the  fact  that  lumbar  puncture  has  recently 
been  recommended  for  the  severe  headaches  of  chlorosis  (Lenhartz  ***). 
The  advocates  of  venesection  state  that  excellent  results  are  also  obtained 
in  such  cases  by  the  withdrawal  of  blood. 

Neuralgia. — The  neuralgias  of  chlorotics  are  to  be  treated  in 
exactly  the  same  manner  as  are  the  headaches.  If  the  neuralgias  are 
intermittent  the  employment  of  the  old  and  new  antineuralgics  is  not 
pnly  permissible,  but,  on  account  of  their  prompt  action,  actually  indi- 
cated. The  deleterious  effect  of  small  amounts  of  these  substances  upon 
the  body  is  insignifiaint  when  compared  with  the  beneficial  results  ob- 
tained by  quickly  relieving  the  attack.     Morpliin  is  to  be  avoided. 

For  the  much  more  frequent  neuralgic  pains  that  do  not  occur  in 
definite  attacks,  rest  in  l)ed  has  proved  itself  to  be  the  best  remedy ;  it 
should  be  accompanied  by  the  energetic  administration  of  iron  and  par- 
ticularly of  arsenic.  It  is  advisable  to  support  this  treatment  with  wet 
hot  packs ;  hot  baths  with  subsequent  free  perspiration  are  also  to  be 
recommended.  Excellent  results  are  also  obtained  from  the  use  of  mud 
baths  and  by  a  prolonged  sojourn  in  a  high  altitude  (St.  Moriz). 

Although  electrotherapeutic  measures  are  still  held  in  high  repute 
by  some  authorities,  their  use  is  but  rarely  followed  by  permanent 
results. 
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of  the  lymph  glands  (lymphatic  leukemia),  while  now  the  alterations  in 
the  bone-marrow,  discovere*!  ]Kiist  mortem,  demoiifc^trateil  a  myelc^ntias 
partieijKition,  Depending  on  the  kind  of  alteration  in  the  bone-mam* w, 
two  varieties  of  leukemia  were  differentiate  (Neumann),  one  as8oc]ated 
with  a  lymphadenoid  change  in  the  bonc^marrow,  corresponding  in  great 
part  to  the  prei^ent  lympliatic  leukemia,  the  other  a884K'iated  with  a  pyoid 
change  whieh  included  almost  all  the  cases  designated  as  lienaL 

In  spite  of  the  great  advance  whieli  Neumann's  discovery  brought 
about,  there  was  still  little  appreciation  of  the  relaticm  of  the  three 
forms  of  leukemia.  Several  things  were  oppo^*d  to  a  cleju:  understand- 
ing of  this  relation,  namely,  our  defective  knowledge  of  the  histology 
of  the  blood,  and  the  impossibility  of  sefMimting  the  different  forms  of 
leukocytes  or  of  finding  their  seat  of  origin.  ,  Virehow  had  already 
attempted  the  elucidation  of  this  problem,  but  after  his  divisioD  into 
lymphiicytes  and  large  white  blood-corpuscles  his  efforts  proved  futile, 

A  strictly  ^scientific  sc|>aration  of  the  different  kinds  of  leukocytes, 
with  the  explanation  of  their  histogenesis,  was  first  made  by  Ehrlich, 
We  are  now  in  a  position  to  recognize  from  the  study  of  the  blood  dur- 
ing life  in  what  manner  the  blood-making  organs  are  disease*!.  Mon> 
over^  we  find  that  exactly  as  Virchow's  differentiation  of  leukocyte's 
confirmed  Neumann\s  discoveries,  two  kinds  of  leukemia  are  to  l>e  sepa- 
rated, one  characterized  by  an  increase  in  lymphocytes  associated  with 
an  increase  in  the  lymphadenoid  tissue,  the  other  by  a  definite  change 
in  the  bone*marrow,  and  an  increase  in  bloml  elements  that  are  evi- 
dently myelogenous  in  origin* 

Though,  according  to  our  present  knowledge,  tnie  myeloid  tii^sue 
seems  to  be  normally  limited  to  the  Imnc-marrow,  lymphatic  tissue 
appears  to  be  one  of  the  most  w^idespread  histologic  elements,  not,  it 
is  true,  in  amount,  but  in  ubiquity.  In  large  amounts  it  is  generally 
known  as  lymph  glands,  or  on  mucous  menibnincs,  as  lymphoid  tissue ; 
yet  in  small  amounts  it  is  found  even^where  in  abf^olutely  normal  organs, 
in  the  blood-making,  sucli  as  the  spleen  and  bone-marrow,  as  well  aa  in 
all  other  organs  (Arnold,  Ribber). 

It  is  therefort^  possible  that  even  apart  from  the  lymph  glands  any 
lymphatic  structure  may  pnivc  the  princijml  seat  of  the  altenition, 
namely,  the  ttmsils,  the  lympliatic  apparatus  of  the  intestine  or  the  spleen. 
All  these  forms  of  lymphatic  Icnkcniia  show  a  common  Ijond  in  the 
lympkeinie  bloofi-pktnrey  and  r(*p resent  a  sifigle  disease  more  or  less  dif- 
ferentiated by  certnfn  gross  peculiarities.  The  common,  and,  from  a 
clinical  stan^lpoint,  the  most  imjwrtant  symptom  Is  the  alteration  of  the 
blood.     Friim  this  the  disease  takes  its  name,  and  accordingly,  under  a 
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strict  nomenclature,  we  have  a  lymphatic  leukemia  (or  possibly  better, 
with  Walz,  a  lymphocytic  leukemia)  with  predominant  participation  of 
the  lymph  glands,  a  lymphatic  leukemia  with  special  participation  of 
the  lymphatic  apparatus  of  the  intestinal  tract,  of  the  spleen,  of  the 
bone-marrow,  etc.  Thus  we  have  a  sufficiently  clear  classification 
which  takes  into  consideration  the  different  organg  participating  without 
a  strict  examination  of  tlie  blood  changes,  provided  they  are  in  a  general 
way  similar.  The  difference  is  mainly  this,  that  our  division,  based  on 
the  frequent  confirmation  of  Ehrlich's  work,  is  histogenetic  and  not 
merely  anatomic.  We  thereby  get  rid  of  the  former  obstinate  con- 
troversy as  to  the  propriety  of  speaking  of  a  gastro-iutestinal,  cutaneous 
or  other  form  of  leukemia.  The  blood-picture  shows  the  kind  of 
leukemia  (whether  lymphatic  or  myelogenous)  ;  the  findings,  especially 
the  clinical  ones,  in  the  oigans  indicate  only  the  locations  responsible 
for  the  disease. 

Lymphatic  leukemia,  therefore,  is  a  disease  the  principal  symptoms 
of  which  consist  in  the  blood  alteration  (characterized  by  an  increase  in 
lymphocytes)  and  the  tumor-like  enlargement  of  lymphatic  structures. 
In  this  increase  of  lymphocytes  in  the  circulation  less  depends  on  the 
absolute  number  of  these  cells  than  on  the  percentage  increase  in  com- 
parison with  the  rest  of  the  leukocytes.  In  other  words,  it  is  not  the 
simple  numeric  ratio  of  the  leukocytes  to  the  red  blood-corpuscles 
(W  :R)  which  constitutes  the  basis  for  a  diagnosis  of  "leukemia,"  for 
there  are  simple  polynuclear  leukocytoses  in  which  the  relation  W  :  R 
may  be  much  more  abnormal  (Leonard  and  Lloyd  Rol)erts,  Petrone). 
As  Ehrlich  has  taught,  the  principal  factor  is  the  qualitative  deviation 
of  the  leukocytic  increase  from  the  normal — in  other  words,  the  specific 
pathognomicity  of  the  leukocytosis. 

Looking  at  a  large  number  of  cases  of  lymphatic  leukemia,  we  find 
all  possible  gradations  from  the  most  marked  increase  in  leukocytes  to 
an  almost  normal  number.  This  transition  is  indicated  by  examples  of 
every  degree,  from  cases  with  a  marked  lymphemia  (lymphatic  leukemia) 
to  those  with  a  slight  or  no  absolute  increase,  in  which  the  abnormal 
blood-picture  consists  only  in  a  relative  increase  of  lymphocytes  in 
comparison  with  the  other  white  blood-corpuscles. 

This  brings  us  to  that  other  disease  known  as  pseudoleukemia , 
which  name  expressly  indicates  its  non-identity  with  genuine  leukemia. 
This  is  characterized  by  the  absence  of  the  sj)ecial  morphologic  symp- 
tom, namely,  the  increase  in  leukocytes.  All  the  other  symptoms,  how- 
ever, particularly  the  anatomic,  nf^ree  with  thase  of  lymphatic  leukemia, 
the  only  thing  lacking  being  the  increase  of  leukocytes  in  the  blood. 
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Still,  when  we  study  the  blodl-picture  in  a  large  number  of  pseudo- 
leukemia cases  {e.  17.,  the  ub^er vat  ions  of  Westphal,  the  cases  of  Pfeiffer, 
Fr5hlicb|  v,  Notthafft),  the  diflerentiation  of  these  two  diseases,  on  the 
basis  of  the  blocKl-morphology,  is  by  no  means  so  simple ;  for  we  find 
a  considerable  number  showing  evident  signs  of  a  deviation  of  the  blood 
from  the  normal,  represented  always  by  a  relative  increase  in  lympho- 
cytes. We  mnst  therefore  eonsiiler  the  blood-picture  tis  inadequate  for 
a  differentiation  of  lymphatic  leukemia  and  pseudoleukemia.  More- 
overj  the  fi»undation  of  this  differentiation  is  readily  shaken  when  we 
rememl>er  that  the  general  notion  of  pseudoleukemia  was  conceived  at 
a  time  when  the  fine  anomalie.s  of  the  bloiid  were  as  yet  unrecognized, 
and  leukemia  itself  was  not  narrowed  down  to  the  limits  of  to-day, 
but  comprised  all  high-grade  increases  in  the  white  blood -corpuscles,  and 
only  these.  Finally,  it  is  significant  that  even  in  earlier  tiroes  the 
boundary  lietween  these  two  diseases  was  undetermined  and  the  decision 
wa,H  fre(|uently  considered  to  lie  at  the  will  of  the  observer  (Winiwarter). 
Since  this  time  the  idea  has  repeatedly  been  expressed  that  we  have  to 
do  here  with  closely  allied  processes,  and  for  proof  of  this  we  have,  on 
the  one  hand,  the  intermediate  forms  which,  character izeil  by  a  mrnler- 
ate  lymjthocytosis,  may  be  called  by  cither  name;  on  the  other,  the 
reported  transitions  of  pseudoleukemia  into  genuine  lymphatic  leukemia. 

Nevertheless,  sm  we  will  show  in  a  later  section  (Diagnosis  of  Pseu- 
doleukemia, p.  fi 2 5),  the  boundaries  of  pseudolenkemia  must  be  defined 
more  accurately  than  they  have  been  diiring  the  thirtj*  years  since  its 
first  description.  T>ater  observations  ileniand  a  shaqier  definition  of  the 
disease.  After  the  separation  of  all  the  dissimilar  affections,  a  group 
of  cases  still  nuiiain  which  alone  deserve  tiie  name ;  and  on  account 
of  the  similarity  of  the  blood-picture  and  the  genend  clinical  symptoms 
to  lympliatic  leukemia,  these  may  possibly  be  comprehended  with  it  in 
the  same  description* 

In  spite  of  these  transitions  and  in  spite  of  the  uncertainty  into 
which  the  advances  in  blood  histology  have  brought  the  different iatii>ii 
of  genuine  lymphatic  leukemia  from  the  disetises  with  lesser  lympho- 
cythemia,  we  must  still  regard  l>oth  as  separate  affections.  AVe  are  not 
yet  in  a  |>osition  to  jiass  a  decisive  judgment,  but  there  seems  to  W*  t«^ti 
great  a  difference  between  the  outs|X)ken  eases  to  bring  them  t^^getlJC^ 
on  account  of  an  apparent  common  histogenesis.  New  investigatioos 
must  and  will  o^>en  up  new  points  of  view.  It  is  possible  that  the 
future  may  develop  subdivisions,  and  so  ck>se  the  gaps  in  our  knowl- 
edge of  tlie  morphology^  pathogenesis  and  etiology. 

We  ilesignate  by  the  name  fi/mphaiic  leukeiiiia  a  disease  ehanicterized 
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hy  an  increase  of  lympbadenoid  tissue  in  the  organs  and  an  increased 
nnmber  of  lymphocytes  in  the  blood.  This  symptom-complex  presents 
two  varieties,  differentiated  as  acute  and  chronic  lymphatic  leukemia. 

The  rapid  course  of  acute  leukemia,  its  fatal  termination  in  a  few 
weeks  with  evidences  of  profound  prostration  and  d^eneration  of  the 
organs,  and  the  inconspicuousness  of  die  lymphoid  processes  even  in 
oases  with  markedly  lymphocythemic  charactern  of  the  blood,  give  this 
disease  the  features  of  an  acute  infection. 

Chronic  lymphatic  leukemia  develops  in  a  period  varying  from 
months  to  years,  is  characterized  by  a  gradually  increasing  and,  finally, 
marked  lymphomatosis,  and  becomes  fatal  through  either  cachexia  or 
a  terminal  increase  of  the  leukemic  process  simulating  the  acute  form 
— ^that  is,  of  course,  provided  the  end  is  not  brought  about  prematurely 
by  complications,  intercurrent  disease  or  compression  of  vital  organs, 
especially  the  respiratory  or  circulatory. 

As  is  evident  from  this  short  summary,  we  have  to  do  with  two 
different  affections  with  a  common  location  and  lesion,  or  with  one 
affection  manifesting  the  same  anatomic  symptom-complex,  yet  running 
a  course  sometimes  acute,  again  chronic.  With  the  elucidation  of  the 
etiology  we  are  led  to  expect  that  we  shall  discover  whether  we  have  to 
do  here  with  the  same  pathologic  process  running  different  courses  or 
with  different  diseases  showing  similar  pathologico-anatomic  lesions. 
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The  definition  of  acute  lymphatic  leukemia  comprehends  all  the 
acute  leukemia  cas^  so  far  known*  There  is  no  case  described  without 
prejudice  which  nhowe  other  than  a  lymphatic  blood-picture  or  mani- 
fests its  principal  change  in  any  blood-maktog  tissue  other  than  the 
lymphatic.  In  all  acute  leukemia  cases  designated  as  myelogenous  or 
lieno myelogenic,  this  name  has  nut  the  Higniiicance  attributed  to  it  in 
our  intrmluction.  On  the  contrary,  this  desiguation  wa^  basitd  on  the 
localization  of  the  gross  anaUimic  changes,  thereby  saying  that  the  bone- 
marrow  alone  or  only  the  8plccn  and  bone-marrow  were  affected,  while 
a  swelling  of  the  lymph  glands  was  wanting  or  was  clinically  slight- 
Since,  however,  the  designation  should  be  applied  not  on  account  of 
the  gross  anatomic  appearance,  but  on  account  of  the  histologic  find* 
ings,  w^e  can  not  admit  the  former  as  sufficient  grounds  for  such  a  no- 
menclature. On  closer  investigation  we  find  that  the  affectcil  organs 
invariably  show  a  new  for  milt  ion  of  lymph*K.'ytes,  sometimes  of  the 
small  variety  (ordinar\^  lyraphwytes),  again  of  the  larger  (large  lym- 
phocytes). The  large  lymphocytes  correspond  t*i  the  forms  designated 
by  many  observers  in  these  cases  as  marrow  cells,* 

Jnst  as  it  is  unjustifiable  to  designate  these  cells  marrow  cells  (^inoe 
they  occur  in  the  bone-marrow  in  large  numbers  only  in  these  leukemic 
hyperplasias),  so  shonkl  the  finding  of  an  acute  leukemia  with  sole  par- 
ticipation of  the  l)ime-marrc»w  be  regardcNl  as  insufficient  re^ison  for  call- 
ing it  myelogenic.  The  name  myelogenu^  or,  better,  myeloid  (see  section 
on  Myeloid  T^ukcniia)  indicia tes  from  our  standpoint  not  simply  origin 
from  the  l>one-marrow,  but  origin  through  hy|)erp!asia  of  definite  bone- 
marrow  elements.  The  meaning  of  the  word  is  not  to  be  sought  in  its 
literal  translation,  but  it  is  to  be  regarded  as  a  technical  term  with  a 
sharjily  dcfinetl  significance,  just  as  lipnphaHc%  accordiug  to  «»ur  way  of 
speaking,  does   not   simply   indicate   tirigin    from   a  lymph  gland,  but 

*  The  ntiiue  "  niarrnw  cells*'  (MiiJler)  wuk  introduced  on  account  of  their  occur- 
rence in  lar^e  numlH'r>*  in  the  bone-marrow  of  acute  leitkemiiL.  On  account  of  lh<»ir 
location  unci  their  similarity  in  f<>mi  they  were  for  n  time  ronfufied  *rilh  Ehrlich's 
nijrelocytes,  the  early  stages  of  (he  p4>lynucJear  neuljx^phile  leukocjtes,  Tbcy  mr% 
however^  poeitiTely  <iif!orentiated  from  these  both  by  their  form  and  atiiininiff  |irn|ienu*v 
and  by  their  completely  different  manner  of  development  (see  l\  I.,  \t\\  4S,  r»l  \, 
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were  found  in  the  lymplmtic  glands  alone,  the  conclusion  seems  obvious 
that  the  marrow  is  most  probably  the  invariable  place  of  origin  of  the 
disease* 

Dennig^  describes  a  ease  of  acute  leukemia  without  discoverable 
altenition  in  the  blocKi-making  organs.  The  patient  was  a  servant  girl, 
aged  nineteen  years,  whose  ilinei?s  began  about  the  end  of  Augu^^t  and 
whose  death  occurred  on  October  2d,  At  first  the  condition  was  re- 
garded as  chlorosis,  the  hemoglobin  being  from  25  to  30  per  cent.  In 
two  weeks  it  had  fallen  to  20  per  cent.,  and  tlie  blood  was  then  care- 
fully examined,  with  the  disco ver>"  that  the  leukocytes  numbered  1  to 
40  red  eorpascles,  the  total  number  of  the  latter  being  800,000. 
There  was  no  enlargement  of  the  glands  or  the  spk<»n.  An  hour  before 
death  the  number  of  white  to  red  corpuscles  was  1  to  2»  The  stained 
preparations  showed  marked  preponderance  of  lymphocytes,  especially 
the  small  forms.  The  autopsy  showed  no  visible  change  in  any  of  the 
blood-making  organs*  Dennig's  case  is  cited  here  because  in  subi^e- 
quent  examinatirjns  of  the  specimens  Walz^  claims  to  have  found 
decided  changes  in  the  marrow.  He  does  not  agree  with  the  view  of 
Ehrlich  and  his  followers  regarding  the  origin  of  leukemia.  Basing  his 
opinion  on  a  case  of  lymphatic  leukemia  in  which  the  lymph  glands 
were  unafTectal,  be  says  that  he  believes  we  are  not  justified  in  re- 
garding lymphatic  leukemia  as  a  disease  of  the  lymphatic  glands  alone. 
The  bone- marrow  Ix^longs  to  the  lymphatic  appimtiis  in  a  certain  sense 
and  is  normally  able  tu  form  lymphocytes.  It  must  therefore  be  con- 
cerned in  lymphatic  leukemia  in  common  with  the  spleen,  lymphatic 
glands,  and  various  lymph  nodes.  Among  others  who  have  reported 
cases  of  acute  lymphatic  leukemia  without  change  in  the  l>one-marrow 
are  Kormoczi  *  and  Hirschlaif/  Of  course,  it  is  always  possible  that 
ft  more  complete  examination  might  reveal  lesions  in  such  cases,  though 
Hirschfeld  insists  upon  the  thorciughncss  of  the  seart4i  in  his  case. 

Pap|K?nheini  *  describes  2  cnsesof  lympliemia  without  enlai^ement  of 
the  lymphatic  glands.  The  first  was  a  case  of  acute  leukemia  in  a  woman 
of  thirty-five  years.  The  blood-count  showed  1,024,000  red  cr>rpuscle?, 
20,000  leuktwytes,  and  28  per  cent,  of  hemng]ol>in.  The  differential  count 
showed  1.5  per  cent,  jiolynuclear,  2.5  jn^r  cent,  large  lymphocytes,  96 
per  cent,  small  lymphocytes.  There  was  a  moderate  poikilocytosis  and 
many  macrocy  tes  and  normoblasts,  but  no  megtdoblasts.  The  postmortem 


'  Mimeh.  med.  WocL,  1901,  No.  4. 

'  OaUrolbLf.  Pa/A.  u.  -4%.  Path.  «.  FtttL  u.  AnuL,  1901,  No.  2a 
'  DctttocA.  med.  Woch.,  1891*,  p.  2.^8.  *  Miinek  med.  WacK,  ] 

*  ZdUnLhr,/.  ktin,  Med.,  IVm,  Noa.  3  aod  4. 
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examination  showed  a  moderate  enlargement  of  tlie  jugular  glands,  and 
a  slight  enlurgt^ment  of  the  spleen,  as  well  as  lymphcimata  in  the  liver. 
The  red  marrow  was  normal  to  the  naked  eye,  hut  mieroM-opieally 
showed  lymphadenoid  transformation.  The  second  case  was  in  a  man 
of  fifty-nine  years,  in  whom  the  blofid-eount  was  1,025,000  red  c^or- 
pnselesj,  41,250  leukocytes,  and  3G  per  cent,  hemoglobin.  The  ditler- 
ential  count  Avas  4,25  per  cent,  piily nuclear,  3,4  per  cent*  large  lympho- 
cytes, 91.5  per  cent,  small  lymphocytes,  and  0.8  per  cent,  eosinophile 
cells.  There  w*afi  much  irregularity  in  the  size  of  the  rt^l  eurpuscles 
and  a  small  number  of  normtthlasts  were  seen.  Later  the  number 
of  w^bite  corpuscles  in  the  blood  increased.  The  p<jst mortem  ejiami- 
nation  showed  no  enlargement  of  any  of  the  lymphatic  glands.  The 
marrow  of  the  ribs  was  of  a  j^ide  flesh  color  and  contained  only  small 
(typic)  lymphocytes.  There  was  lympht>cytic  infiltration  of  the  peri- 
jK>rtal  connective  tissue  of  the  liver. 

Pap{>enheini  does  not  regard  these  as  instances  of  primary  disease 
of  the  blood  and  secondary  alteratirm  of  the  marrow,  but  as  primary 
disease  of  the  marrow,  causing  the  increased  number  of  lymphocytes  in 
the  blood. 

Dorothy  Reed  *  has  publisbetl  a  \i:\y  careful  study  of  a  case  of  acute 
lymphatic  leukemia,  in  which  she  claims  to  have  proved  conclusively  that 
there  was  a  *'  lymphocytosis  arising  from  proliferation  of  lymphoid  cells 
in  the  bone-marrow,  and  death  ot^curring  before  any  other  orgim  in  the 
body  showed  involvement,"  She  quotes  the  opinions  of  Walz/^  Pap- 
penheim,*  and  Bradenl>urg,^  that  the  bone-marrow  in  every  ease  of  leu- 
kemia is  the  starting-point  of  the  disease,  and  states  her  own  belief  that 
"acute  leukemia,  whether  lymphf>id  or  myelocytic,  ii^  due  to  changes 
in  the  bone-marrow,  the  other  organs  being  involved,  if  at  all,  second- 
arily/' 

Kelly,^  in  an  article  on  acute  lymphocytic  leukemia,  strongly  sup- 
ports the  view  that  lymphf»cyti(*  leukemia  may  have  a  purely  myelog- 
enous origin.  In  the  iirst  jilaee  he  points  out  the  fact  that  the  twne- 
raarrow  is  unquestionably  to  be  inelu4led  among  the  lymphoid  structures 
of  the  b^xly,and  reaches  the  natural  inference  that  it  can  therefore  make 
lymphocytes.  These  lymphocytes,  or,  at  all  events,  cells  not  to  be 
distinguished  in  any  way  from  the  lymphocytes  of  the  lymph  glands 
and  circulating  blood,  are  unquestionably  formed  in  the  Iwne-raarrow. 
He  refers  to  the  cases  of  acute  lymphocytic  leukemia  without  enlarge- 

1  Amer,  Jmr,  of  Mtd.  Set,  Oct,  1902,  *  Ch^triU  Annnifii,  lOOO. 

*  ATbeiL  axui  dem  Path,  Imt.  Tiibin^cn,  1891*,  Btl.  ii.,  p.  1. 

*  ZeiLf  kiin,  Med,  1900,  p.  171  >  TrantM,  ^«M»e.  qf  Amer,  i%«.,  1903. 
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ment  of  the  lymph  glands  reportt^l  by  Pappenheim/  Walz,*  Reed,' 
Michaelis  aud  Wolff/  Ilirsfhlaff,'^  Kormoczi/  aod  Spencer/  Hayem 
and  Bensaude.*  Buchanan/  iJennig/**  Piueles,"  Politeer/*  and  Roaen- 
feld/^  all  of  whom  describe  cases  of  acute  lymphatic  leukemia  in  which 
there  was  involvement  of  the  bone-marrow  alone.  In  sach  ca»e^  the 
short  duration  of  the  di??eiise  may  be  the  explanation  of  the  failure  of 
involvement  of  other  lymphatic  structures.  Such  a  view,  of  course^ 
presuppoi^es  the  lK>nc- marrow  origin  of  lymphatic  leukemia.  Kelly 
reporta  an  instance  of  the  same  sort  which  furnished  the  basis  for 
his  paper.  His  deduction  from  the^^  facts  seems  to  the  editor  en- 
tirely justified.  "  In  these  eases,  ioasmuch  as  the  blood  c<^>ntamed 
large  numbers  of  lymphocytes — ^iii  some  casetii  enormous  numbers — 
1  of  the  editor's  cases  revealing  551,319  lymphocytic  tti  the  cubic 
millimeter  of  blood  ;  as  the  lymph  glands,  both  macroseopically  and 
microscopically,  in  some  cases  showed  no  deviations  froni  the  nor- 
mal, in  other  cases  but  slight  deviations;  and  as  the  l>one-marrow 
revealed  lymphadenoid  metamorphoeis  in  all  cases  in  which  it  wjis  care- 
fully studied,  the  very  obvious  inference  is  to  attribute  the  formatton 
of  the  enormous  numbers  of  lymphocytes  to  the  diseased  bone-marrow. 
It  is  not  necessary,  however,  to  believe  that  these  lymphocytes  are 
formed  only  in  the  bone-marrow,  although  it  is  likely  that  in  most 
of  the  eases  of  lymphocytic  leukemia  the  great  majority  of  tJie  circulat- 
ing lymphocytes — ^in  some  of  the  t^ses  all  of  the  circulating  lympho- 
cytes—are formal  iu  the  bone-marrow.  We  are  inclined  to  Ix'lieve 
that  they  may  be  develojied  from  any  of  the  lymphoid  tissues  of  the 
body  that  present  the  rapiisite  alterations,  such  as  the  lymph  glands, 
the  other  lymphoid  nodes,  as  in  the  intestines,  the  thymus,  and  even 
the  so-called  metastases."  Reference  will  be  made  to  cases  of  acute 
myelogenic  leukemia  in  another  place. — Ed.] 


'  ZeitsehrJ.  klin.  Med.,  1902,  vol  xlvi.,  p.  216. 

*  Ckniralhlf  aMg.  Pfitk,  1901,  vol  xii.,  p.  967. 
»  AmfT.  Jour.  AM,  Set.,  1902.  vol.  cxxiv.,  p,  553. 

*  Deutfich.  med,  H^ocL,  1901,  vol   xxxvii.,   p,  651 ;    Vircho^t  Artkw,   1902,  voi 
clxviu,  j^>.  151  ;  Zeitxhr.  /  kUn.  Med.,  1902,  vol  xiv.,  p.  385, 

*  (kixttalbLf  mil.  MfiU  1*^98,  vol  xtx.,  p.  837. 

*  DmiKh.  med.  Work,  1899,  vol  xxv,,  p.  238. 
'  Lane^f,  1900,  Vf>l  I,  p.  92*>. 

*  La  Medtdn  Moderne,  1903,  vol  xiv.,  p.  5fi, 

*  Jour,  of  Baetcrioiogif,  1897,  p.  242. 
^o  Mimrk  mrd.   Work,  1900,  No.  38. 
^^  mm.  Hin.  Rund,  1899,  p,  725. 
"  Ihid.,  1899,  p.  197. 
«  ZeUschrJ.  klin.  Mtd.,  1901,  B(L  42, 
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SYMPTOMS  AND  COURSE. 

Acute  lymphatic  leukemia  i8  a  dkease  lasting  only  a  few  days  to 
eevenil  weeks,  or  exceptionally  several  months.  It  is  frec|uently  asso- 
ciated with  fever  and  nins  its  course  to  death  similarly  to  an  acute 
infectious  disease  with  asthenia  and  other  general  symptoms. 

Descriptions  of  cases  have  become  frequent  since  Ebstein's  definition 
of  the  disease.  Some  ohserverB  (A.  Fninkel,  Bmdford  and  Shaw) 
have  described  whole  serie^s  of  cases  in  the  course  of  a  few  years,  whieii 
would  gieem  to  indicate  that  all  the  easels  of  this  disease  by  no  meaDB 
become  generally  known — wliether  it  is  that  they  are  not  published  or 
are  not  recognizetL  The  frctjueney  of  the  attection  is  thert^fore  prob- 
ably much  greater  than  the  number  of  published  cases  would  denote. 
Consequently,  statistics  in  thia  regard  are  of  little  value.  Among  the 
cases  described,  almost  two-thirds  were  in  males.  Children  are  at^ 
tacked  with  relative  frequency*  The  limits  of  age  begin  with  birth 
(Pollmann  ')  and  end  with  sevxnty-tliree  years  (Pinek*s),  By  far  the 
greater  nuiuber  of  patients  were  under  forty, 

[McCrae*  has  coUeeteil  13  eases  of  acute  leukemia  in  the  first  decade 
of  life.  Of  these,  11  were  males.  In  8  cases  there  was  fever  j  in  4 
general  glandular  enlargement ;  in  5,  enlargement  of  the  eerviml  glands 
alone ;  in  2,  no  enlargement ;  and  in  2,  no  record  regarding  the  glands. 
In  all,  the  spleen  was  enlarged.  The  liver  was  enhu-ged  in  3,  and  in  2 
the  size  was  not  noted.  TXi^m  was  a  continuous  increase  in  the  pro- 
portion of  the  leukocytes,  bat  not  at  any  stiige  an  increase  of  poly- 
morphonuclear cells,  as  Reimann  observed* — Ed,] 

The  onset  of  acute  lymphatic  leukemia  may  be  either  sudden  or 
insidious.  In  many  cases  the  patient  fet^ls  entirely  well  till  the  disease 
is  at  its  height^  and  then  the  symptoms  come  on  so  suddenly  that  the 
first  indication  of  illness  occurs  almost  simultaneously  w^ith  the  taking 
to  tjed.  In  other  cases  general  symptoms  exist  previously  for  days  or 
weeks  and  may  be  considered  as  prodromes,  though  they  are  probably 
the  result  of  the  blond -disease.  More  aeenrate  investigations  of  this 
primary  stage,  with  attention  directe<l  to  tlie  origin  of  the  blood-changes, 
though  cif  the  grciitest  importance,  are  entirely  wanting,  for  there  is 
nothing  at  that  period  to  point  to  the  severity  or  seat  of  the  disease. 

Sit  is  also  very  probable  that  in  the  cases  with  sudden  onset  of  severe 
child 
ctse 
horn 


'  Wietlier  fetnl  leukemia,  wliich  terminates  with  the  intra-uterine  denth  of  the 
child  find  its  preni  lit  tire  eipiilMion,  is  to  be  reckoned  in  this  mtt^^ry,  and  whether  in  ihw 

the  diBejitte  im  at  till  rmnparaihle  with  tln^  leukenita  of  udtillj^  can  not  be  concluded 
fitUD  the  descriptions  (Sin^ert  Klel)«,  Eppiuirer)  at  hnnd. 

"  JohnM  HopHfis  Hminial  BuU.^  Maj,  1900. 
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symptoms  the  actual  beginning  of  the  disease  must  be  referred  to  some 
time  before,  and  that  in  the  meantime  the  disca.se  progressed  without 
syraptom.s  or,  at  least,  unnoticed*  [It  is  probable  that  some  reourded 
cases  were  instances  of  chronic  leukemia  terminating  acutely,  E.  Hirtz 
and  M.  Labbe^  ret:ord  a  case  of  acute  leukemia,  of  nine  weeks*  duration, 
in  which  there  was  an  obscure  nasal  infection.  They  regarded  the  case 
as  one  of  chronic  leukemia  terminating  in  a  fatal  seplicemia.  Bacterial 
emboli  were  found  in  the  spleen  and  bone-marrow. — Ed.]  Then,  too, 
the  blood-picture  of  lymphatic  leukemia  has  been  found  in  the  acute 
cases  at  the  first  examination,  even  when  this  was  undertakeo  very 
early.  In  fact,  daring  complete  absence  of  the  subjective  sj^mptums  of 
disease  a  high  degree  of  leukemia  has  licen  found  after  a  large  hemor- 
rhage had  called  attention  ti>  a  possible  blocKl-disease  (Tht^Klor). 

On  the  other  baud  we  have  accurate  investigations  of  the  blood  in  a 
fcw  cases  before  the  appearance  of  the  leukemic  bkxKl-picture,  which 
allows  the  onset  of  the  outspoken  disease  to  be  determtuetl  with  absolute 
certainty.  In  these  cases  the  patients  came  under  observation  for  some 
other  affection,  usually  of  a  severe  anemic  nature,  though  this  is  not  to 
be  identified  with  the  previously  mentioned  pnxlroraes  of  acute  leu- 
kemia. 

[Reimann '  records  a  case  of  acute  leukemia  in  a  girl  of  nine  years, 
in  whom  the  sympt4>ms  antedated  the  characteristic  changes  in  the 
blood.  At  first  there  were  indefinite  symptoms ;  then  hemorrhages,  and 
a  purpuric  eruption,  leukocytosis,  enlargement  of  tlie  liver,  spleen,  and 
lymphatic  glands  fi:>llowed.  There  w^as  at  first  an  increase  in  poly- 
morphonuclear elements.  Later  the  lymphocytes  increased  and  there 
was  slight  eosinophil ia.  It  is  of  interest  to  note  that  the  autopsy 
in  this  case  showed  an  enlarged  thymus  gland  as  the  most  conspicuous 
feature.  The  early  predominance  of  polymoijjhonuclear  elements  may 
have  been  the  direct  result  of  the  hcnifirrhages.— Ed.] 

The  first  symptoms,  which  sometimes  precetle  tlie  disease  by  many 
weeks,  consist  in  general  weakness,  [tain  in  the  head  and  neck,  dyspnea, 
pressure  on  the  chest,  a  heaviness  of  the  limbs,  and  other  vague  symp- 
toms of  a  threatening  disease  (vertigo,  feverishness).  S<_>metimes  the 
lotializatton  of  these  proilromes  points  to  a  blo<xl-«Ii sense.  Thus,  several 
cases  are  reported  which  began  with  pains  in  the  region  of  the  spleen, 
others  which  st*t  in  like  an  acute  articular  rlieumati.^m  with  swelling  of 
the  joints  (A.  Fninkel).  Very  frequently  a  pate  puffiness  of  the  face 
is  noticeable  \  asscmiatetl  with  this  we  not  rarely  have  epistaxis  and  hem- 
orrhages, and  inflammatory  processes  of  the  mucous  membrane  of  the 

I  Qqz,  des  Hip.,  May  16,  1900.  >  Wien.  klin.  WocJl,  Sept  28,  1899. 
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mouthy  especially  of  the  gunis  and  throat  (particukrly  the  poaryngeal 

toDisil)  (Brad tun!  aotl  Shaw). 

While  these  general  symptoms  differ  in  no  way  from  those  of  other 
rapidly  develuping  dixse^secij  several  jieeuliarities  are  to  l>e  mentioued 
which  accurately  characterize  acute  leukemia,  or  at  least  point  to  the 
diagDosis  of  a  severe  affection  ol"  the  blood. 

The  gross  signs  of  Swelling  of  the  lymphatic  stftictures ; 
lymph  glands,  spleen,  sometimes  the  lymphatic  structures  of  the  mouth 
(especially  the  tonsils). 

Enlargement  of  the  lymph  glands  is  almost  never  entirely  wanting. 
The  degree  of  enlargement  varies^  but  never  reaches  the  marked  eon- 
dition  seen  in  chronic  lymphatic  leukemia.  In  several  cases  the  largest 
glands  were  not  niore  than  hazel-nut  size.  Sc»mctimes  the  enlargement 
is  so  insignificant  that  only  toward  the  fatal  termination  are  a  few 
elightly  enlarged  cerviL^l  glands  j>erceived.  In  fact,  sometimes  the 
glands  are  touud  to  be  larger  than  normal  only  at  the  autopsy.  On 
the  other  hand,  the  swelling  may  disapj)car  toward  the  end,  simulta- 
neously either  with  an  increase  (Gilbert  and  Weil,  Green)  or  decrease 
in  the  lymphemia  (see  p,  561).  In  the  majority  of  cases  the  most 
marked  swelling,  both  at  the  beginning  and  in  the  course  of  the  disease, 
IB  seen  in  the  cervical  glands,  and  it  is  here  sometimes  con  Sued  to  one 
side.  Yet  rarely  do  we  meet  marked  differences  in  the  appearance 
of  the  different  groups  of  glands,  such  as  are  frequently  seen  in  chn^nic 
lyniphemia  and  are  the  rult*  io  pseudoleukemia,  Tlie  glands  are  usually 
slightly,  or  not  at  all,  sensitive  (though  niarkeil  tenderness  has  been 
observed)  and  are  readily  movable  against  one  another  and  l>etween  the 
noderlying  and  overlying  soft  parts.  When  the  glands  are  painful, 
and  espe<nally  when  they  are  run  together,  we  must  not  be  too  hasty  in 
attributing  a  leukemic  cause  to  them,  since  frequently  a  local  irritation 
producing  simple  intlammator}^  swelling  may  l>e  found,  especially  in 
disease  of  the  luiuith  (Ebstein)*  The  consistence  of  tin'  glands  is 
usually  hard,  and  only  rarely  has  an  almost  difHuent  softness  been 
observed* 

The  spleen  is  of  normal  size  in  less  than  one-thiinj  of  the  eases 
(Fussell,  Jopson  and  Taylor).  The  enlargement  usually  set^n  is  not  as 
a  rule  considerable,  yet  immense  spleens  have  been  descriljed,  especially 
in  children  (Eichhorst,  Milller,  Theodor).  A  rapid  enlargement  dur- 
ing the  short  t*<>urse  of  the  disease  is  sometimes  more  evident  in  the 
spleen  than  in  the  lymph  glands.  The  organ,  then  increasing  irom  day 
to  day,  takes  up  the  whole  left  side  of  the  abdomen.  It  may  be  seen 
through  the  abdominal  wall  as  a  siifK^rficial,  rounded^  limited  protnl>er- 
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ance,  and  eometimes  (in  the  emaciated)  is  so  evident  that  the  boundaries 
may  be  determined  by  the  eye.  Id  the  same  way  the  hard  tamor,  regu- 
larly enkrge<i  in  all  its  diameters,  with  its  sharp,  well-defined  border  and 
evident  incisiine  on  the  anterior  border,  is  readily  palpated.  The  borders 
are  sometiraes  palpable  around  the  whole  spleen,  with  the  exception  of 
a  small  part  of  its  summit — on  account  of  the  organ  sinking  from  it8 
Bite  of  attachment,  after  the  fashion  of  a  wandering  spleen. 

The  pharyngeal  tonsils  are  enlarged  in  about  half  the  cases.  Any 
connection  with  the  degree  of  swelling  in  the  cervical  glands  has  not 
been  determined,  though  it  has  sometimes  been  noticed  that  the  must 
marked  swelling  in  the  cervical  glands  was  on  the  same  side  as  that  of 
the  tonsillar  enlai^ement  (Bradford  and  Shaw,  Case  3),  Children  seem 
especially,  though  not  exclusively,  predisprjsed  to  the  enlargement  of 
the  tonsils.  The  appearance  is  either  of  simple  enlargement  or  of 
enlargement  with  hemorrhage  into  the  tissue.  Not  rarely  the  toDsila 
are  covered  with  a  necrotic,  diphtheric  or  hemorrhagic  exudate. 

Hemonrliages* — The  most  striking  and  characteristic  clinical 
Bvmptoms  of  acute  leukemia  are  presented  by  the  hemorrhages  and 
their  sequelse.  We  refer  here  ei^pecially  to  the  hemorrhages  into  the  skin, 
the  visible  mucous  membranes  and  the  posterior  eye-grcmnd ;  further, 
the  hemorrhages  in  the  interior  of  the  body — that  is,  those  that  are 
recognizable  during  life  by  their  clinical  results,  as  of  the  intestine,  the 
bladder,  the  brain,  and  the  labyrinth  of  the  ear. 

The  skin  hemorrhages  occur  as  pctechise  on  the  buttocks  and  the 
extremities  without  regular  localization  or  predilection.  Their  eiae  is 
usually  small,  about  that  of  the  head  of  a  pin,  though  very  extensive 
extravasations  also  occun  Their  further  course  is  that  of  ordinary 
petechia? — rapid  disappearance,  leaving  behind  a  pigmentation  with 
blocxl- coloring  matter.  Sometimes  large  and  deep  necroses  of  the  f*km 
arise,  which  spread  rapidly  and  show  not  the  slightest  tendency  to  heal. 
Their  origin  is  sometimes  due  to  subnutrition  of  the  lymphomatous 
infiltrated  tissue  in  which  the  hemorrhage  arose,  again  (directly)  to  small 
tmumas  like  decubitus.  That  the  skin  in  t*ases  of  acute  leukemia  b 
extremely  sensitive  to  the  slightest  injuries,  and  that  it  possesses  scarcely 
any  power  toward  regeneration  of  defects,  is  evidenced  by  the  foudro- 
yant  necrosis  of  the  skin  of  the  leg^ — following  the  application  of  a 
vesicant  (Leube  and  Fleischer). 

In  the  mouth  the  small  hemorrhages  are  found  either  with  an  appar- 
ently intact  surr(3unding  or  on  a  part  of  the  mucous  membrane  changed 
by  swelling  or  necrosis  and  nlccration.  Their  site  of  predilection  is 
es|>eciany  the  gums,  then  the  palate?,  the  mucous  membrane  of  the  cheeks, 
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the  throat  and  the  nose^  The  simple  peteehife  of  the  mouth  and  nose 
have  no  serious  Hignificance  so  long  as  the  imieoiis  membrane  itself 
remains  intact.  Yet  the  eixjBions  of  even  relatively  ^niall  vessels  may 
become  dangerous  if  the  n^ueous  membrane  is  swollen  and  necrotic,  and 
any  contact,  no  matter  how  slight,  may  give  rise  to  severe  and  long- 
continuetl  hemorrhage.  Severe  hemorrhages  may  break  throngh  the 
mucous  membrane,  which  is  never  absolutely  sound  at  the  site  of  rupt- 
ure of  the  vessel  J  and  lead  to  dangerrms  hjsses  of  blmxl  (especially  from 
the  nose).  Necroses  and  ulcerations  ari^e  at  the  site  ^tf  the  hemorrhage 
even  more  frequently  thjin  on  the  skin.  These  are  often  small,  but 
again  may  be  large  and  noraa-like  and  rapidly  destroy  the  muoous 
membrane  of  the  cheeks. 

Hemorrhages  of  the  posterior  eye-ffromid  are  found  in  almost  all 
cases.  They  appear  as  smaller  or  larger  foci,  sometimes  wiih  a  white 
center  and  are  often  surrounded  Iw  a  clouding  of  the  retina.  This  deli- 
cate veil-like  clouding  of  the  retina  around  the  hemorrhage,  associated 
with  a  more  marked  dilation  of  the  veins  than  the  arteries  (Elsi-hnig), 
is  quite  characteristic  of  leukemia  ;  yet  these  fine  clinical  characteristics 
are  often  not  sufficiently  evident  to  allow  a  positive  differentiation  from 
other  severe  anemias. 

As  we  shall  see  in  the  discussion  of  the  anatomic  changes,  the  very 
frequent  hemorrhages  into  the  brain  and  its  membranes  rarely  produce 
symptoms  corresponding  to  the  extent  of  the  lesions.  In  cases  of  liem* 
nrrhage  from  the  hemispheres  into  the  ventricles,  hemiplegias  have  been 
obser\^ed ;  in  widespread  hemorrhages  into  many  large  foci,  only 
general  unconsciousness  (A,  Frtinkel).  These  hemorrhages  are  survived 
only  a  few  hours  to  several  days  and  are  almost  always  to  he  regarded 
as  the  immediate  cause  of  d(^th. 

Paralyses  of  the  peripheral  cerebral  nerves  (branches  of  the  fecial 
and  auditory),  which  have  been  several  times  notetl,  were  discovered  at 
the  autopsy  to  be  due  in  part  to  hemorrhages  int<i  their  su Instance  (Eich- 
horst,  Schwahach),  Affection  of  the  auditory  nerve  and  of  the  internal 
ear  not  rarely  produces,  besides  deafness,  which  sometimes  occurs  sud- 
denly, the  well-known  picture  of  M6ni5re's  disease  (Si^hwahach). 

Hemorrhages  from  the  intestine^  the  unthra^  and  tlic  rat/hm  are  not 
rare  and  occasionally  become  the  direct  cause  of  death,  like  those  from 
the  mouth  and  nose.  They  are  the  result  of  nipt u re  of  vessels  in  the 
corresponding  organs.  We  will  discuss  their  seat  and  manner  of  origin, 
which  are  often  of  clinical  importance,  more  precisely  in  the  section  on 
Patholi^y.  Westphal  describes  a  severe  hemorrhage  after  puncture  of 
the  spleen  by  a  fine  cannula. 
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In  addition  to  hemorrhages  we  find  in  a  series  of  cases  marked 
swelling  and  nlceration  of  the  m neons  membranes,  especiaJly  of 
the  mouth  and  throat,  on  account  of  their  exp:>sum  to  traumas.  These 
are  frequently  the  result  of  the  breaking  down  of  the  foci  of  previous 
hemorrhage ;  yet  again  they  arise  in  apparently  healthy  tissue,  which, 
however,  always  shows  marked  microscopic  changes  (lymphomatous 
infiltration).  These  necroses  of  the  mucosa,  when  they  occur  (aooord- 
ing  to  Nobel,  in  70  |)er  cent,  of  the  cases),  constitute  one  of  the  mo^t 
characteristic  symptoms  of  acute  leukemia,  as  they  are  common  to  but 
few  other  diseases,  and  consequently  often  suggest  the  correct  diagnosis 
(a  point  insisted  on  especially  by  Bradford  and  Shaw).  The  site  of 
predilection  of  these  lesions  is  particularly  the  gums  and  the  lips,  then 
the  palate,  the  uvulap  the  mucous  membraue  of  the  cheeks  and  the 
tongue.  Sometimes,  too,  the  nose  and  the  entrance  of  the  larynx, 
together  with  the  epiglottis,  are  affected. 

At  first  the  lesion  consists  of  a  miKlerately  hard  swelling  (infiltra- 
tion with  lymphocytes)  under  the  sound  mucous  membraue.  The  guuuB 
are  pushed  outward  to  the  enige  of  the  teeth  ;  in  fact,  the  teeth  may  be 
completely  hidden  by  the  swelling.  On  account  of  the  j^Hght  traumas 
constantly  occurring  in  the  mouth,  inflammatory  excitants  are  forced 
into  the  distended,  tliin,  readily  injured  raucous  njenibmne  and  pnxluce 
here  and  there  necroses.  Mouth  breathing,  coming  on  usually  as  a 
result  of  occlusion  of  the  nose,  aids  in  the  drying  u|»  of  the  buccal 
raucous  merabnme  and  makes  w^ay  lor  the  entrance  of  bacteria.  The 
result  is  s<>metimt^  a  diphtheric  condition,  again  nlceration  of  the 
mucous  membrane.  The  ichorous  destruction  of  this  dead  mass  pro- 
duces the  most  fetid  and  disgiLsting  otlor  of  the  exhalal  breath.  There 
is  a  continual  flow  of  saliviL  The  teeth  sit  loosely  imbeddcil  in  the 
spongy  remains  of  the  mucous  membrane.  Every  touch  produces 
hemorrhage,  making  a  condition  completely  identit^l  with  that  char- 
acteristic of  scorbutus.' 

The  symptom  which  has  given  the  disease  its  name  and  wliich 
constitutes  the  only  ]Kisitive  diagnostic  sign  of  leukemia  is  tlie  Increase 
of  white  blood-corpuscles  in  the  circnlating  blood.  The 
absolute  number  may  iueroase  to  more  than  one-half  a  millinn  in 
the  cubic  millimeter.     Since  a  considerable  decrease^  of  nA   blomln^or- 

*  According  to  the  predomimiiit  deTelopment  of  one  of  these  three  f7tu{>toms,  Gilbert 
ind  Weil  differentiate  three  clinical  forms  of  acute  leukemia: 

(1)  Tfpic  acute  leukemic,  in  which  the  §wellin^  of  the  Ijtnphaiic  structures  fitends 
out  moat  prominently;  (2)  the  hemorrhajfic  form,  the  principal  characteristies  of  which 
are  the  hemorrhages ;  (3)  the  peeudoscorbntic  form  with  hetuorrbagee  aiid  ulceratioQ  of 
the  mucoufl  membrane  of  the  luouth  and  the  noee. 
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puscles  not  rarely  occurs  at  the  same  time,  we  find  (Dcca^ionally  propor- 
tions of  wbiteH  to  T^ls  of  1  :  3  or  even  1  :  2.  Stilly  the  increase  in 
leukocytes  is  usually  not  so  great,  and  proportions  of  about  1  ;  10  or 
1  :  20  are  more  frec^uent. 

In  this  lenkocytoj^is  the  polynuck^r  neutrophiles  constitute  only  a 
small  percentage,  Ix^ing,  at  the  most,  normal  in  iinnilxTj  though  usually 
diminished.  Et>sinopliile-s  are  rare,  being  almost  always  considerably 
below^  1  per  cent.  ;  though  in  isolated  east»s  over  this  amount  (Bradford 
and  Sliaw,  1.6  {ler  cent.).  Ouly  rart^Iy  is  a  small  percentage  of  neutro- 
phile  myelocytes  found  (0,4  and  0J>  per  cent,  in  2  of  BnidforJ  and 
Shaw's  eases).  If  the  case  described  by  Bloch  and  Hirschfeld,  with 
10.26  per  cent  myeloc}i^s,  is  to  Ije  rec*k4>ned  with  leukemia  (as  these 
writers  aver),  and  not  U>  anaemia  infontium  p'>cndi>leukaemica,  it  repre- 
sents the  highest  known  maximum.  We  have  tabulated  here  a  few  i 
from  the  literature  which  present  exact  counts  : 


T  HcCne 


FDMell,     JopaoEt,  \ 
uulTajlor    .  .  J 

Fiuaell.     Jopcoii^  \ 
and  Taylor    ,  .  j 

GUtwrt  tad  WeiL  i 


ZAmOciy 


Bnwlfonl  and 
8ii»w    .  .  . 


{ 


Bradford  and        f 
Shaw    ....      I 

Bradford  aod  Shaw. 
ElrKhlair  .  .  .  .  j 
Pl]i^«a  ..... 
Brandenbiirg  .  . 
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to 
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to 
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to 
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5on.ooo 
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000/900 
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1:22 
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85 
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The  increase,  therefore,  affects  quite  exclusively  the  lymphocytes, 
Tlie  appearanee  of  thet?e  cells  has  beeu  minutely  descril^ed  by  Ehrlich 
and  Lazarus  in  the  former  sections  of  this  volume.     They  are  m*»uo- 
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nuclear  cells,  varying  from  one  to  two  or  three  tiraes  the  size  of  a  red 
blood-corptisc'le.  Tbey  are  differentiated  ivniicipally  by  their  size,  and 
the  two  extremes  are  de^ignatefl  by  tlie  names  &raal!  and  large  lympho* 
cytes,  thoiigli  between  these  two  every  form  and  size  are  found. 

They  are  mononuclear.  The  nucleus  lies  centrally,  k  round,  sharf>ly 
Hmitcd,  and  stains  in  the  dry  preparation  ecjually  well  with  all  nuclear 
s-tains.  The  smaller  the  lymphoeyte,  the  darker  the  nucleu.s.  In  the 
nuclei  of  the  small  lymphocytes  we  find  one  (or  two)  round,  sharply 
circumscribed  clear  spots,  the  nucleoli i.  Thei^  are  8een  <^i fecial ly  well 
in  fresh  preparations  after  the  addition  of  a  weak  acetic-aeid  solution. 
The  nuclei  of  the  large  lymphocytes  frequently  show  a  larger  number 
of  clear  spots. 

In  sections  hardened  by  bichlorid  of  mercur}'  the  small  lymphocytes 
especially  show  a  very  evident  nuclear  structure  eonsistiug  of  2  to 
3  chromatin  masses,  situated  centrally,  and  5  to  10  grouped  alx>ut  the 
border.  All  these  dark  granules  are  joinetl  together  by  a  moderately 
rough  network  of  chromatin  threads  which  is  denser  the  smaller  the 
nucleus,  and  the  reverse. 

The  nucleus  is  entirely  surrounded  by  protoplasm,  though  it  may  lie 
a  little  excenlritally.  The  protoplasmic  stnicture  is  usually  not  very 
clear,  either  in  dry  preparations  or  in  sections.  Frequently  it  is  gtained 
regularly  by  the  basic  anilin  dyes  (basophilic,  and  possibly  even  more 
80  than  the  nucleus),  though  agsiin  it  api>ears  as  granules,  and  sometimes 
as  a  sort  of  irregular  honeycomb  structure,  which  in  the  best  examples 
is  represented  by  a  loose  delicate  network. 

In  acute  lymphatic  leukemia  the  small  lymphocytes  usually  stand  in 
the  background,  allowing  the  picture  to  be  dominate*!  by  the  larger 
lymphocytes.  The  latter  are  characterizc^d  by  a  large  faintly  and 
regularly  stained  nucleus,  filling  almost  the  entire  cell,  and  a  small 
amount  of  protoplasm  which  is  devoid  of  eosin*»phile,  neutrophile,  or 
mast-cell  granules,  and  takes  the  basic  stains  better  than  tlie  acid  and 
sometimes  shows  a  sort  of  fine  basophile  granulatiun. 

These  large  lymphocytes  are  identical  with  the  forme  described  aa 
premature  cells,  unrfpe  cells,  or  marrow  cells  (Markzellen).  These 
namas,  the  last  of  which  indicates  their  origin  from  the  markedly 
hyperplastic  bone-marrow,  play  a  considerable  role  in  tlie  misunder- 
standing of  leukemia.  The  name  marrow  <5ell  is  especially  misleading, 
and  none  the  less  so  on  acof:iunt  of  confusinn  with  Ehrlich^s  neutn>phile 
myelocyte,  the  forerunner  uf  the  ordinary  poly  nuclear  white  blood- 
corpuscle.  Moreover,  this  name  has  but  little  justification,  since  the 
number  of  these  eeUs  that  originate  in  the  bone-marrow  is  norroally 
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EXPLANATION  OF  PLATE  IIL 
Fig.  1. — Blood  in  Acute  Leukemia. 

Besides  red  corpuscles,  the  chief  feature  is  large  lymphocytai  whose 
nuclei  show  a  delicate  network  with  large  clear  areas,  a,  Small  lymphocytes 
with  dark-blue,  coarsely  granular  nuclear  framework ;  ft,  polynudear  leuko- 
cyte. 

From  a  specimen  fixed  with  heat  and  stained  with  hematoxylin  and 
aqueous  eosin  solution*  (Zeiss,  Oc.  IL  Horn.  Immer.  i^^). 

Fio.  2. — Bi/K)D  IN  Chronic  Lymphatic  Leukemia. 

Besides  red  corpuscles,  the  chief  feature  is  small  lymphocytes  with  a 
narrow  border  of  basophil  (dark-violet  blue)  protoplasm,  a,  Large  lympho- 
cyte with  basophil  protoplasm ;  ft,  polynudear  lymphocyte. 

From  a  preparation  fixed  with  formalin  and  stained  with  aqueous  solu- 
tion of  eosin  and  aqueous  solution  of  methyl  blue  (Zeiss,  Oc  U.  Hom. 
Immer.  '^). 
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very  small,  while  all  the  lymphatic  stnictureH  of  the  body  contain  them. 
The  corre.spundetice  of  thei>e  *'  marrow  cells  "of  acute  lymphatie  leu- 
kemia with  Ebrlich's  large  lymphocytes  has^  since  FraenkdV  work, 
been  generally  granted.  There  is  nti  reasonable  ground  for  the  assump- 
tion that  the  large  cells  answering  this  description  and  arising  from  the 
bone-marrow  (which  Benda  comprised  under  the  name  myelogonies)  are 
to  be  diflerentiated  from  the  exactly  similar  ones  originating  from  the 
lympliatic  apparatus  (Benda's  lym[»hogouies). 

Deviations  Ironi  the  normal  appeamnt^  of  the  lymphocytes  are  rare, 
and  when  they  occur  they  affect  exclusively  the  nucleus.  Such  nuclei 
are  indented^  lohulated,  almnst  divided  or  even  broken  up  into  two  or 
more  pieces,  though  they  are  always  distinguishable  by  their  size,  faint 
e*DlDr,  and  irregularly  plump  shape  from  those  of  the  poly  nuclear  leuko- 
cytes. The  protoplasm,  too,  is  distinguished  by  it^  small  amount  and 
the  absence  of  neutrophile  granulations  from  that  of  the  ordinary  poly- 
nuclear  leukoc)'tes  (see  p.  587), 

No  definite  rule  can  be  stated  for  the  proportion  of  large  to  small 
lymphocytes.  There  are  cases  in  which  the  large  form  is  almost  exclu- 
bively  preaent,  and  others  in  which  it  is  almost  wanting  (Theodor). 
Nevertheless,  as  Fraenkei  first  stated,  in  acute  leukemia  the  large  c^lls, 
as  a  nde,  predominate,  while  only  a  few  isolated  cases  of  chronic  lym- 
phatic leukemia  with  an  exclusive  increase  in  the  large  forms  have 
been  described. 

The  number  of  red  blcxxl -corpuscles  is  rarely  normal,  and,  as  a  rule, 
fluctuates  between  1,000,000  and  3,000,000  (see  table,  p.  555).  The 
occurrence  of  small  numbers  f>f  nucleated  red  blood-corpuscles  may  be 
considered  the  rule,  large  numbers  extremely  rare  (in  1  case  of  Fussell, 
Jopson  and  Taylor  1  :   1 73). 

The  percentage  of  hemoglobin  in  the  blood  is  always  under  50. 

The  characteristic  blood-picture  (incre^ise  in  lymphocytes)  has  been 
found,  except  in  those  few  cases  of  acute  lymphatic  leukemia  following 
severe  anemia,  at  the  beginning  of  the  disease — that  is,  as  soon  as  the 
clinical  symptoms  showed  reason  for  the  examination  of  the  blood,  or, 
in  other  words,  as  soon  as  the  jiatient  sought  medical  aid.  When  the 
alteration  of  the  blood  Ix^ins,  and  how  it  develops,  is  unknown  in  any 
typic  case.  The  increase  in  the  lymphocythemia  during  the  course 
of  the  disease,  however,  has  Ijeen  frequently  followed  and  has  some- 
times l>een  found  to  be  uncommonly  rapid ;  for  instance,  in  one  case  in 
five  days  there  was  an  alteration  of  the  ratio  of  whites  to  reds  from 
1  :  35  to  1  :  7,  the  red  blo<T4l-c<irpuscles  remaining  practically  stationary 
(2,500,000  to  2,000,000),  the  increase  in  whites  being  from  74,000  to 
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280,000 ;  in  another  case,  in  eight  days  an  alteration  of  from  1  :  43  ta 
1  :  25  way  uotedj  with  a  decvrt^'i.se  of  red  blotxl-eoriniscles  from  2^500,000 
to  1,600,000,  the  increase  in  whites  being  from  34,000  to  68,000  (Brad- 
ford and  Shaw). 

[Hitsiihniann  and  Ijehodorff'  describe  a  case  of  leukemia  with  severe 
me^ralohlastic  anemia  in  a  patient  of  thirty-four,  w^ho  had  a  rapidly  de- 
veloping anemia  that  advanced  in  the  course  of  three  weeks  to  such  a 
degree  that  the  numbex  of  red  corpu!=5fles  was  only  724,000.  The  pro- 
portion of  red  to  w^iite  fell  from  200:  1  to  21  :  I,  and  tinally,  just 
before  death,  from  5  :  L  The  number  of  white  cells,  however,  was  not 
greatly  increased,  the  maximum  lx*ing  35,000.  The  mononuclear  cells 
nimibere<l  96  per  cent.,  fif  w^hich  7<>.6  per  cent,  were  large  non-granular 
fiirms.  Among  the  mononuclear  cells  were  numerous  non-grauular 
basophile  cells,  such  as  occur  only  in  the  bone-mairow.  The  nudeat^Kl 
red  corpuscles,  and  especially  niegaloblasts,  w^ere  present  in  large 
numbers. 

The  case  is  of  interest  as  showing  how  a  megaloblastic  process  in 
the  bone- ra ami w  may  be  secondary  to  other  blotxl-<.*c>nditions. — Eb,] 

In  a  very  few  cases  patients  were  already  under  observation  on 
account  of  another  disease,  as  severe  anemia  (Litteuj  Waldstein,  Gott- 
lieb, Kormoczy)  or  psendoleukemia  (Mosler,  Senator,  Martin,  and 
Mathewson),  when  the  unsuspicious  blcK>d -picture  changed,  two  or  three 
or  four  days  beft>re  death,  into  a  marked  leukemic  one  (leukemia  acutis- 
sima)*  Still  J  in  these  cases  the  origin  and  course  were  so  rapid  (Litten, 
Hilbertj  Fuchs)  that  no  opportunity  was  presented  of  observing  tlie 
mode  of  development, 

GENERAL  SYMPTOMS 

Besides  these  more  or  less  characteristic  symptoms,  there  are  a  num- 
her  which  acute  leukemia  has  in  common  with  other  fatal  asthenic  di^ 
eases. 

The  most  striking  are  the  wax -like  yellow  to  gray  pallor  of  the 
skin  of  the  face  and  body  and  the  puffiness  of  the  face*  Edema 
occurs^  but  is  not  frequent ;  more  often  w^e  find  an  increased  dinre:5iis, 
80  that  the  daily  quantity  of  urine  increases  to  even  4  L*  and  over. 
An  accompanying  albuminuria  has  been  observed,  but  only  rarely, 
Kiihnau  reports  an  acute  hemorrhagic  nephritis  shortly  before  the  fatal 
termination,  yet,  generally,  inflammatory  kidney  changes  are  even  more 
rare  than  the  albuminuria  would  indicate.  As  already  mentioned, 
hematuria  dependent  on  hemorrhage  into  the  urinary  tract  is  not  rare* 
1  ZeitschrJ.  Haihmd^  1903,  No.  5. 
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Priapism  was  found  several  times  (Craig),  and  in  1  case  (Ward)  could 
be  referred  to  a  tlirooibosis  of  the  eor[>ora  cavernosa  {following  oeclu- 
iiion  of  a  vein),  similarly  to  the  proc4*ti8  descril>ed  by  Kast  in  myeloid 
leukemia. 

The  liver  is  frequently  enlarged,  iu  fact  almost  regularly  in  the 
leukeniia  of  children.  Still,  it  seldoni  gives  rbe  to  ieteruii,  aud  even 
the  iiecasionally  appearing  green  color  of  the  urine  is  not  referable  to 
bile  coloring-matter,  but  to  a  peculiar  green  .substance  which  we  will 
diiscuss  more  at  length  when  speaking  of  ehloroma. 

As  a  result  of  the  hemorrhages  from  all  the  body  cavities  and  into 
all  tie  orgims,  and  of  the  not  infrequent  diarrhea  and  defet^tive  absorp- 
.tion,  emaciation  is  extreme.  It  findi*  its  highest  expression  in  the 
nitrogen  loss,  %vhicb  has  amounted  to  over  20  gm.  daily  (Magnus-Ix'vy). 

The  increased  excretion  of  uric  acid  is  the  result  of  a  special 
I>eculiarity  of  metabolism.  It  was  found  as  uric  acid  or  urates  in  the 
urine,  or  as  uric  acid  infarcts  in  the  kidneys,  in  the  first  c^ses  of  leu- 
kemia observed,  and  is  es|K:cially  marked  in  the  acute  exacerbations  of 
leukemia,  ami,  therefore,  in  acute  leukemia.  In  the  beginning  this 
increase  was  rt^ferre<I  to  the  fever  present  at  the  time  (Mosler  and 
Korner).  Later,  au  urKloubtetl  cuntiection  was  found  with  an  increased 
destruction  of  nuclcin,  which  from  histologic  observation  ((tumprechtj 
Kronig)  and  experimental  investigation  (Schrcil>er  and  Zaudy,  Kiibnau 
and  Weiss)  may  be  reg-arded  as  the  result  of  the  breaking  up  of  white 
bloLKl-cf>rpusclcs.  Still  we  must  rememljer  that  this  destruction  is 
not  always  so  great  as  the  quantity  of  uric  acid  excreted  would  indi- 
031  te,  and  there  is  possibly  another  factor  not  yet  clearly  understood 
(Magnus-Ijcvy)*  Furtlier,  uric  acid  may  arise  from  botlies  introducx^l 
with  the  food  (Minkowski).  The  sedimentation  of  uric  acid  in  the 
urine  is  not  positive  evidence  of  increased  excretion,  for  under  certain 
eiriMimstances  small  amounts  are  sometimes  precipitated,  while  again 
much  lai^r  quantities  remain  in  solution  (Magnus- Levy).  This  in- 
crease in  uric  acid  in  the  urine»  though  frequent^  is  not  necessarily 
the  rule.  In  1  vn^  of  Fraenkors  it  amounted  to  more  than  12  gm. 
in  f(»rty  hours.  At  the  same  time  there  was  found,  probably  also  as 
a  result  of  the  breaking  up  of  nuclcin,  an  increased  excretion  of  phos- 
phoric acid  to  over  15  gm.  The  fact  that  the  quantity  of  uric  acid  ex- 
creted does  not  corre8j><:)nd  to  the  used-up  leukocytes  gives  reason  for 
the  assumption  that  the  destruction  of  nuelein  does  not  necessarily  stop 
at  the  production  of  uric  acid,  but  sometimes  is  further  oxidized  and 
only  then  excreted  (Minkowski). 

The  heart  activity  is  almost  always  increased.     At  autopsy  endo- 


560 


LYMPH ATEV  LEUKEMIA. 


card i tic  chaoges  have  been  frequently  found  (Senator,  Pollmann)  ;  in 
fact,  it  is  on  sucli  a  change  that  Senator  bases  the  syraptoni  of  the  oen- 
tripetal  venous  pulse  observed  ia  one  of  his  cases. 

The  respiration  often  presents  no  pecnliarities.  Still  we  occasion- 
ally find  severe  dyspnea  from  occlusion  of  the  nose  and  throat  by 
lymphomatous  masses  and  a  disgusting  odor  of  the  breath  from  necrosis 
of  the  gnms,  tongU€*,  and  mucous  membrane  of  the  cheeks.  Sometimes 
the  limitation  of  the  eliest  space  by  lymphatic  tumors  (enlargement  of 
the  thymus  or  the  mediastinal  glands)  produces  considerable  dyspnea- 
The  oxygen  metiibolism  seems  to  sufler  no  alteration.  Among  the 
accompanying  affections  of  the  respiratory  organs,  bronchial  catarrh  is 
almost  constant, 

Pever  is  frequently  present  and  sometimes,  especially  toward  the 
end  of  life,  reaches  high  grades  (40^-41*'  C).  On  the  other  hand,  ceases 
have  l^een  observed  showing  a  terminal  drop  of  the  t-emperature,  which 
had  been  moderately  high  fmm  the  beginning.  The  curve  of  the  fever 
IS  very  irregular.  Frequently  it  recalls  the  curve  of  typhoid,  frequently, 
too,  that  of  sepsis,  provided  it  is  not  itself  to  he  regarded  as  septic. 
Generally  we  have  to  do  with  an  irregidar,  not  exactly  high,  fever,  and 
during  the  day  complete  apyrexia  is  not  rare. 

COURSE. 

The  body  is  able  to  resist  all  these  influences  but  a  short  time.  It 
is  not  long  before  a  marked  loss  of  strength  develops,  which  only  rarely 
gives  way  to  a  temporary  improvement  or  relative  eupnea.  Generally 
the  disease  runs  a  rapid  course  to  death.  The  duration  never  exceeds 
a  few  months,  and  all  variations  are  found  from  a  few  days  to  longer 
periods-  Ebstein  gives,  as  the  longest  duration,  63  days  ;  Gilbert  and 
Weil,  112  days;  yet,  the  course  may  be  even  somewhat  slower  and 
still  correspond  to  the  clinical  picture  of  acute  leukemia.  As  in  other 
affections,  the  clinical  course  of  the  disease  is  of  much  greater  signifi- 
cance than  its  duration,  a  fact  that  is  readily  supported  by  the  foregoing 
observations. 

Death,  often  hastened  by  the  severe  loss  of  blood,  especially  from 
the  nose  and  mouth,  occurs  from  marasmus  or  in  coma. 

[J,  L,  Miller  and  J,  Hesse  *  report  a  case  of  acute  leukemia  in 
which  death  occurred  from  rupture  of  the  spleen.  The  patient  was  a 
man  ageil  twenty-four.  In  October,  1901,  he  consulted  a  physician  on 
account  of  loss  of  appetite  and  severe  alidominal  pain,  and  was  supposed 
to  be  suffering  from  acute  gastritis.  These  symptoms  recurred  during 
^  Amer.  Medicine^  M&rch  5,  1901. 
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five  weeks,  when  he  came  uncler  the  care  of  the  aothor.  There  was 
pain  in  %'arujus  part.'^  fif  the  abdomen ^  above  and  Ix'low,  as  well  as  in, 
the  lumbar  region.  His  liver  was  enlarged  and  the  8j>leen  just  [»al[»able. 
The  abdomen  was  UQiformly  distended  by  tympany.  There  was  also 
pain  along  the  crest  of  the  ileum.  Toward  die  end  of  November,  1901, 
the  fxitient  was  moderately  febrUe  aod  had  nxarked  anemia;  epistaxis 
and  bltH?tiing  from  the  giimB  now  developed,  while  the  lymphatic  glands 
were  enlarged^  There  wa.s  marked  tenderness  in  various  bonejs.  The 
spleen  had  increased  somewhat  in  hize.  At  this  time  the  number  of 
leukoeytes  was  50,000;  the  red  CMrpuseles,  2,800,000  ;  the  hemoglobin, 
48  per  cent  The  differential  count  showed  small  lymphocytes  4  per 
cent.,  large  niononuelear  84  per  eent.,  eosinophiles  3  per  cent.,  myelo- 
cytes 1  per  cent-,  polymorphonuclear  neutrophiles  8  pLT  eent. ;  and  also 
numeroiis  nueleatel  red  corpuscles,  chiefly  mcgulo blasts,  many  of  which 
showetl  mytoses.  On  the  day  following  tliis  examination,  in  attempting 
to  walk  to  the  bath  room  he  fainted  and  fell  ;  later  vomited  bile-stained 
mucus,  containing  small  clots  of  blood*  Death  ocx-urred  the  next  day. 
At  the  autopsy  the  spleen,  which  was  10  cm,  by  15  cm.,  soft,  pulpy 
in  consistence,  sht>wetl  two  tears  about  3  cm,  in  length,  extending  deeply 
into  tlie  substance  and  coat4»d  witli  lymph.  Also  there  wjls  a  small 
circular  area  of  necrosis  about  1 J  era.  in  diameter,  the  ba^  and  edges 
of  which  were  coated  with  lymph.  The  bone-marrow  of  the  ribs  and 
sternum  were  reddish  gray,  and  on  histologic  examination  showed  not  a 
single  granular  cell. — Ed.] 

Sometimes  the  ci:jur8e  is  so  altered  by  an  added  septic  infection  tliat 
all  the  evidenccij  of  leukemia  disappear  in  a  few  days.  This  condi- 
tion has  been  thoroughly  studied,  espcially  by  Fmenkel  in  2  cases,  one 
of  which  snecumbe<l  to  infection  with  the  Staphylococcus  alb  us,  the 
other  witli  the  Ricterium  coli.  Under  the  temperature  variations  the 
spleen  and  lymph  glair ds  de<'rease  to  about  normal  size.  At  the  same 
time  the  number  of  white  bk>od-corpuscle9  in  the  circulation  sinks  to 
about  normal.  This  diminution  S4>metimes  affects  all  varieties  of  leu- 
kocytes, both  lymphocytes  and  polynuclear  leukocytes,  though  the 
former  to  a  greater  extent ;  in  other  cases  only  the  lymphocytic  in- 
crease disappears,  and  its  place  is  taken  by  a  mrHlcrate  jxjlynuclear 
leukocytosis*  Everything  goes  t4>  prove  that  the  diminution  in  leuko- 
cytes is  to  lie  referreil  to  an  enormous  destruction  of  these  cells  and  the 
excretion  of  their  metabolic  products^  since  the  simultaneous  decrease 
in  8126  of  the  lymphatic  structures  can  be  explained  in  no  other 
way. 
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GROSS  ANATOMY. 


Hemorttiages*^ — The  most  widespread  alterations  are  the  hem- 
orrhages found  in  the  skin,  the  exposed  muecms  membranes,  the  retina, 
the  serous  membranes  (pleura,  peritoneum,  pericardium),  and  the  mucous 
membrane  of  the  whole  intestinal  tract  and  urinary  passages,  particu- 
larly the  pelvis  of  the  kidney  and  the  bladder.  Not  rarely,  too,  we  find 
hemorrhages  in  the  l>rain,  which  when  small  may  give  rise  to  no  symp- 
toms, but  if  located  in  the  motor  region,  may  produce  hemiplegia  or 
other  paralyses. 

The  lymphatic  accumulations  in  the  internal  organs  are  less  striking 
than  those  ordinarily  seen  in  chronic  lymphemia.  The  lymph  glands 
are  invariably  enlarged.  The  degree  of  swelling  varies  within  wide 
limits,  as  we  Imve  show^n  in  the  clinical  description.  Their  appearance 
is  marrow-like,  white,  and  their  consistence  hard,  provided  the  tumors 
are  not  large.  Smaller  glands  are  usually  reddish  gray.  Hemorrhage 
into  the  glandular  substance  is  common,  and,  on  account  of  its  rarity 
under  other  circumstances,  is  ((uite  characteristic*  Retrogressive  change* 
scarcely  ever  occur.  The  rare  abscess  formation.s  are  to  be  referred  to 
secondary  infection. 

In  the  minority  of  cases  the  spleen  is  normal  in  size  and  appear- 
ance ;  usually  a  moderate  enlargement  is  found*  Only  very  rarely,  and 
then  almost  exclusively  In  small  children,  is  the  tumor  large,  reaching 
sometimes  the  largest  size  observed  in  chronic  leukemia*  The  color  of 
the  cut  section  is  grayish  red  t-o  brownish  red,  the  follicles  usually  being 
enlarged,  often  sharply  limited,  though  more  frequently  undefine*!  and 
washed  out.  The  consistence  is  commonly  soft,  sometimes  almost  dif- 
fluent. Infarcts  showing  a  hard  consistence  are  occasionally  found,  and 
apparently  more  frequently  in  these  rarer  cases  (Glaser,  Symes-Wadham). 

The  practica,Ily  constant  changes  of  the  bone-marrow  are  espe- 
cially striking.  In  the  long  tubular  bones  it  is  almost  always  trans- 
formed into  a  rich  cellular  marrow,  which  does  not  nhow  the  regular 
altemtiori  found  in  ehrtjnic  lymphatic  leukemia.  The  metamorphosis 
usually  affects  the  tubuhir  bones  throughout  their  whole  extent,  yet 
eometimes  individual  parts  (e.  7.,  one-half  of  the  femur  diaphysis)  are 
spared,  and  show  a  normal  fat^marrow.  The  appearani*e  is  frequently 
deep  red  and  of  soft  gelatinous  consistence  (raspberry  or  currant-jelly- 
like),  more  rarely  grayish  to  red  gray  and  firmer,  like  tlie  marn>w  of 
chronic  lymphemia.     Greenish-yellow  patches,  resembling  pus,  some- 
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times  occur  and  suggest  the  finding  iti  cliloronia.  Irregukrly  dlstrib- 
uUkI  hemorrhages  vary  the  color  and  nmke  the  pieture  more  striking. 

It  is  noteworthy  that  it  h  not  only  the  marrow  of  young  persons 
and  the  fa<>nmrrow  of  adults  tliat  undergo  this  tmnsformation,  hut 
it  occurs  even  in  that  of  old  petjplc,  as  can  be  seen  from  Pineles'  case 
(a  geventy-thrce-yearHild  woman). 

The  akcmtion  <^f  the  marrow  is  moat  evident  in  the  long  tubular 
bones,  wliere  it  apjiears  to  be  most  marked,  w^hile  the  normal  red  mar- 
row of  the  short  and  flat  bones  is  Ui^ually  jmle,  or  light  brown  to  brick 
red  in  color. 

Among  the  other  lymphatic  strnctureti  of  the  body,  the  most  constant 
enlargement  is  seen  in  those  of  the  intestine.  A  certain  amount  of 
swelling"  of  the  tonsils  is  almost  always  observed.  Tliis  coniiHists 
in  an  overgrowth  of  the  lymphadenoid  tissue,  supplement€d  by  hemor- 
rhages. Not  rarely,  too,  we  find  deep-seated  necroses,  the  origin  of 
which  we  will  study  more  closely  later. 

Just  as  in  the  tonsils,  sw^elling  uf  all  the  other  lymphatic  structures 
of  the  tongtte,  palate^  etc.,  ctccurs.  Moreover,  lymphadenoid  nodes 
are  sometimes  observed  in  situations  where  normally  none  was  espe- 
cially noticeable,  and  they  are,  therefore,  to  be  placed  in  the  categ<jry  with 
the  scattere*!  lymphomata  genenilly  (in  the  kidney,  liver,  etc.).  For  in* 
stance,  Askanazy  descriljcs  nodules  extending  int(L>  the  musculature  of 
the  tongue,  as  w^ell  as  others  in  the  uvuhi.  Among  the  most  frequent 
seats  of  lymphatic  dejxtsits  are  the  gtinis,  especially  of  the  lower 
jDciHjrs.  The  pharynx  and  esophagtis  seemingly  rarely  manifest 
lymphatic  gn>wiihs ;  in  fact,  hemorrhages  appear  to  be  the  only  sign  of 
leukemic  change  in  them* 

In  the  stomach  and  small  and  large  intestineSi  on  the  con- 
trary, collections  of  lymphadenoid  tissue  are  frecjuent.  The  situation  of 
these  nodules  varies,  in  that  in  one  case  the  stomach  and  laige  intestine, 
in  another,  the  small  intestine  or  even  smaller  sections  of  the  tract,  are 
alone  or  pretlominantly  affected.  Here,  as  in  the  moutli,  there  exists  a 
tendency  to  superficial  necn^sis  with  the  subsecjuent  formation  of  ulcere 
surroundtxl  by  a  marrow^-like  border,  which  when  locatc^l  at  the  sites 
of  predilection  of  typhoid  ulcers  may  give  rise  to  sejrious  diagnostic 
difficulties. 

[In  Dorc»thy  Reetl*s  case  the  prevertebral  hemolymph  nodes  were 
found  dark  red  in  color,  but  not  enlarged. — Ed,] 

Other  lymphatic  ileposita  are  found  now  and  then  in  all  the  organs 
of  the  body,  especially  in  the  large  glands  of  the  abdomen,  as  the 
liver  and  kidneys.     The  lymphomata  found  here  are  often  so  small 
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as  to  be  unrecognizable  to  the  naked  eye.  Yet  even  these  veiy  small 
microgcopic  c<:rllet'tioii.s  of  lymphix^ytes  when  widespread  are  capable 
of  producing  the  picture  of  general  swelling  and  hyperplasia.  Postmor- 
tem the  thymus  is  always  present,  and  frequently  in  a  condition  of 
great  enlargenieut  (Reiniann,  Brandenburg),  a  fact  which  seem.s  to  be  of 
importance  on  account  of  the  evidence  that  this  organ  i.s  the  first  store- 
house of  leukocytes,  even  before  a  place  of  ibrnxatioo  exisu>  elsewhere 
(Beard). 

In  adtlition  to  the  alterations  produced  by  the  hemorrhages  and  the 
lymi>ljatic  deposits,  wo  frequently  find  degenerative  processes  in  the 
parenchymatous  organs  and  sometimes  even  in  the  muscles  and  nerves, 

A  constant  symptom  is  the  disappearance  of  the  subcutancoas  fet. 
In  like  manner  fatty  metamorplioses  of  the  heart  muscle,  sometimes 
Peaching  a  high  grade,  arc  frequent.  Parenchymatous  hepatitis  and 
fatty  degeneration  of  the  liver  are  rare,  and  acute  hemorrhagic  nephritis 
(Kiihnau)  is  exceptional.  Foci  of  degeneration  have  several  times  bc*en 
found  in  the  ccrcbml  nerves,  especially  the  branches  of  the  facial  and 
auditory.  Hemorrhages  into  the  eye  may  be  considered  the  rule,  and 
hemorrhages  and  lymphatic  infiltration  of  the  labyrinth  and  the  tympanic 
cavity  are  frequent  (Schwabach).  As  an  occasional  complication,  we 
may  mention  endocarditis  (Englisch,  PoUmann,  Seoatorj  Cameron,  and 
Sanger). 

HISTOLOGIC  ANATOMY. 

The  histology  of  the  acute  lymjiliatic  deposits  is  absolutely  uniform. 
In  the  jieculiar  lymphatic  structures  (lynipli  ghinds  and  follicles  of  the 
intestinal  tract),  as  well  as  in  the  spleen,  bone-marrow,  and  other 
organs,  the  leukemic  cell  accumulations  consist  of  lymph(3cytes  exactljr 
similar  to  those  in  the  circulating  blood. 

The  histologic  structure  of  the  lymph  glands  alters  considerably 
from  the  normal.  The  internal  stnicture  of  the  gland,  so  far  as  the 
diftbrcntiation  of  lymph  vessels  and  the  eell-pn^ducing  parenchyma  is 
concerned,  is,  t(3  a  certain  extent,  retained,  but  the  cellular  jwirt  exceeds 
by  far  the  vascular  stroma.  In  the  arrangement  of  the  cells  the  alter- 
ation is  marked.  While  the  normal  gland  shows  only  scattered  foci  of 
active  cell  prulifemtion  here  and  there  within  the  medulla  (the  so-called 
germinating  centers),  in  acute  leukemia  the  gland  is  transformed  into  a 
uniformly  prolifcniting  focus,  which  contains  only  a  very  small  propor- 
tion of  typie  small  lymphocytes  at  rest,  and  consists  almost  exclusively 
of  large  lymph  cells  in  active  mitosis  (Benda's  lymphogrjnies).  In 
other  words,  the  whole  gland  takes  on  the  histologic  character  of  the 
germinating  center  (Keimcentrnm,  Benda).     There  appears  to  be  an 
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treioely  lively  di8cbarge  oi'  lymphmiytes  into  the  hLK>d,  go  that  do 
Vjolkt!tion  of  ]ympht»€ytt's  tx'inirH  in  the  tlqiuts  Hurrouudiiig  the  germi- 
nating centers  from  which  oorniiiUy  the  small  lymphocytes  are  forced 
into  the  bkuxl  by  simple  centrifugal  pressure*  The  slight  overgrowth 
of  the  glands,  in  comparison  wnth  the  rapid  increase  of  lymphr»cytes  in 
the  blfMjd^  .^pf^ke  likewii?e  for  this  conclusion.  The  principal  cells 
maimfaetnreil  by  the  gland  are  large  mononuclear  forms  with  a  very 
small  amount  of  protoplaiim.  They  resemble  in  every  way  the  large 
lymphocytes  already  de^cribtM:L  The  nucleus  stains  faintly,  but  shows 
(especially  with  hematoxylin)  a  n>ugh  chromatic  network.  The  pro- 
toplasm takes  up  the  basic  anil  in  dyes  more  or  less,  stains  very  feebly 
with  acid  dyes,  and  is  composed  of  a  loose  honeycomb  mesh|  which 
sends  out,  liere  and  there,  jagged  short  projections. 

The  structure  of  the  enlarged  lymph  follicles  of  the  intestinal  tract, 
and  the  so-<mlled  "  metastatic "  lymphomata  loeateil  especially  in  the 
parenchymatous  organs,  though  also  in  other  places  w^bere  no  acenmn- 
lations  of  lymphadenoid  tissue  are  ordinarily  seen,  resembles  exactly 
the  structure  of  these  glands.  Histologic  examination  frcf^uently  showa 
that  the  lymphatic  infiltration  is  fiir  more  extensive  than  would  have 
been  suppiStMrl  from  the  naked^ye  np|K*arancc. 

In  the  mucous  membranes  the  lymph  nodules  oflen  extend  quite  to 
the  epithelium  above  and  to  the  musculature  below.  Moreover,  they 
are  composed  of  the  same  lymphocytes,  frecjuently  fully  developtnl,  as 
are  found  in  the  bltHxl.  These  lymph-cell  accumulations  are  Irn^ited 
about  the  vessels  and  often  within  their  walls.  Their  size  varies  from 
the  smallest  nodules  to  large  tumors,  visible  to  the  naked  eye. 

These  conditions  are  especially  evident  in  the  alxlominal  organs, 
jiarticularly  the  liver,  divided  as  it  is  by  its  vessels  into  so  many 
sharply  separated  regions.  In  the  liver  the  cell  accumulation  begins 
about  the  branches  of  the  portal  vein,  therefore  betw^een  the  acini,  where 
small  lymphomata  are  built  up.  Still,  here  and  there,  even  if  not  con- 
stantly, the  lymph  cells  force  themselves  into  the  center  of  the  liver 
lobule,  and  in  this  way  produce  an  undefined  boundar}^  which  has 
alw^ays  been  considered  as  an  especial  charact^^ristie  of  leukemic  tumors. 

These  lymphomata  untlergo  secondary  altera tions  referable  pjirtly  to 
peculiarities  of  leukemia,  partly  to  external  agencies — in  other  w^orda, 
to  tlje  two  conditions  mentioned  before  as  peculiarities  of  this  disease — 
namely,  hemorrhage  and  uleemtian. 

Hemorrliage  is  frcHjuent  from  even  apparently  healthy  surfaces — 
for  instiince,  the  pale,  non-swollen  gums,  the  palate  and  aU  the  other 
localities  mentioned  before.     It  is  likewise  quite  as   frequent   in    the 
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groiNsly  altcrotl  lymphomtitous  tissue.  The  micro8co|>e  shows  both  vari- 
eties to  Jx^  due  tL>  the  siime  eaiisej  for  whei'ev^er  we  find  hemnrrhage  we 
findj  too,  an  accumulation  of  lymphoeytes  about  the  vessel  wall,  from 
which  we  conclude  that  an  lujurv  to  the  vessel  is  first  brought  alxiiit  by 
the  lyuiphoina  formation  io  its  wall  (Benda).  No  other  alterations  of 
the  vessels  tliat  are  readily  capable  of  pnxluciug  ruptuix^  are  known. 
The  diret*t  cause  of  the  hemorrhage  must  be  souglit  iu  trauma  in  the 
widest  sense  of  the  term,  the  further  influence  of  which  on  the  altered 
tissue  we  will  study  later. 

Necroses  and  tJlcerations. — According  to  their  looatioDy  we 
differentiate  two  varieties :  necroses  of  the  muooua  membrane  and  of 
the  extenial  skin,  Tlie  former  have  \w^n  thoroughly  described  by 
Askanazy.     Two  forms  are  distinguisliett : 

Sui^erficial  erosions  at  the  site  of  a  hemorrhage  (described  by  Aska- 
nazy  in  the  stomach).  Since  an  infiltration  with  lymphocytes  is  usually 
found  at  the  site  of  a  hemorrhat^Cj  this  variety  of  ulceration  differs  from 
the  following  only  in  that  the  hemorrhage  injun.\s  the  tissue  still  more 
and  brings  about  a  loss  of  the  epithelial  covering. 

Ulc^inition  at  the  site  of  an  infiltration,  seen  with  especial  frequency 
in  tiie  mouth.  Here  we  see  the  gums,  accortling  to  Askanazy*s  sjilendid 
description,  uniformly  packed  from  tlie  epithelium  do^\Ti  to  the  perios- 
teum with  large  mononuclear  round  cells,  the  vessels  being  filled  with 
lymphocytes.  The  epithelium,  thinned  and  desquamated,  consists  of 
cells  loosely  attached  to  one  another,  and  is  infill nitc*d  with  pily nuclear 
pus  cells  (and  eventually  also  with  mast  cells).  In  isolated  places  the 
tissue  is  necrosed  throughout  its  whole  extent.  These  spots  iW*queotly 
remain  covered  by  epitlielium  and  papilhe  and  lie  sharply  defined  in  the 
midst  of  the  lymphocytic  collections.  The  net^rotie  |Xjrtlon  shows  a 
diifuse  staining,  and  is  separatai  fmm  the  surrounding  tissue  by  a  zone 
of  nuclear  debris.     The  niarginal  parts  are  filled  with  bacteria. 

These  necroses  are  the  result  of  slight  mechanic  injuries,  such  as  are 
continually  occurring  in  the  mouth,  and  inflammatory  excitants  which 
gain  entrance  through  the  tense,  partially  defective  epithelium.  After 
the  discharge  of  this  surface  neiTOsis  an  ulcer  remains. 

These  ulcers,  following  necrosis  of  lyniphadenoid  tissue  which,  with 
the  hemorrhages,  constitute  the  characteristic  peculiarity  of  acute  leu* 
kemia,  are  located  almost  exclusively  on  the  raucous  membrane  of 
the  digestive  tract  and  of  the  nasi>phanrnix.  They  vAm  iyts^nr  in  the 
lymphomata,  arising  from  previously  formal  lymph  nodules,  like  tbo^ 
in  certain  places  in  the  mucosa;  in  fact,  between  these  two  vitrieties 
there  Ls  no  particidar  difference,  either  in  structure  or  in  origin* 
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Thp  niU(X)U:3  membranes  of  the  uiouth,  especially  of  the  gums,  the 
f^heeks,  tlie  soft  pahit-e  and  the  uvula,  expo??eil  a**  they  are  to  inmierous 
injuries,  are  very  frei|ueiit!y  affected.  Not  at  all  nirely  the*  ulcers  ex- 
tend over  a  large  portion  of  the  iutestine,  Bhowing  a  special  predilection 
for  certaio  [larts,  though  this  varies  iu  diti'ereut  tra^e^s^ — now  a  .section 
of  the  small  intestine  suffering,  again  the  large  intestine. 

Rarer  than  the  uioeration  of  the  mucous  menabrane,  hut  by  far  more 
deep-seated,  are  the  nmrmes  and  ulcere  of  the  ifkin.  They  occur  eitber 
at  sites  of  previous  cutaneous  hemorrhage*,  especially  on  parts  cx|K>sed 
to  prei^sure  (the  buttock),  or  on  parts  subjected  to  gross  mechanic  injury, 
as  by  a  vesicant  (Leube  and  Fleischer),  but  also  elsewhere  on  the  body 
(the  face).  Following  the  rupture  of  the  skin,  exteusive  loss  of  sul>- 
stance  takes  place*  Histok>gic  investigations  as  to  their  nirxle  of  origin 
are  yet  wanting.  From  the  analogy  of  ulceration  elsewhere  in  leukemia. 
It  ifi  probable  that  the  necrosis  and  ulceration  develop  in  lymphatio 
deposits  followiug  hemorrhage.  It  is  likewise  pi)ssible  that  their  origin 
is,  to  a  certain  extent,  similar  to  that  of  the  abscesses  which  Beuda 
found  as  a  result  of  secondary  infection  in  the  midst  of  lympbomata 
of  the  kidneys — in  other  words,  the  cause  may  really  lie  in  an  acci- 
dental injur)'. 

The  spleen  presents  almost  the  same  appearance  as  the  Iiypcrplastic 
lymph  glands.  Its  normal  structure  is  more  or  less  obliterated.  The 
undctincil  l>oiHlers  of  the  Malpighian  bodies  are  frequently  nf^ticeable, 
even  to  the  naked  eye,  and  bei:^t>me  even  more  (Conspicuous  luider  the 
raicroscope.  The  scra|>ed  preparation  shows  the  different  large  mono- 
nuclear rfumd  cells  usually  in  the  same  quantitative  proportions  as  in 
the  blood.  Other  elements  (mast  cells,  neutropbile  leukocytes)  are 
scanty.  On  microsct^pic  section  the  similarity  with  the  lymph  glands 
b  very  marked  j  the  whole  organ  is  packed  with  lymphocytes  which 
are  similar,  both  in  shajie  and  appearance,  to  those  of  the  lymph  glands. 
Only  here  and  there  do  we  find  normal  splenic  parenchyma  with  evi- 
dent follicles. 

The  bone-marrow  is  of  much  greater  interest  than  the  organs  so  far 
described;  in  fact,  in  its  alteration  the  basis  of  the  leukemia  has  often 
l>een  sought. 

Roughly  speaking,  the  marrow  is  composed  entirely  of  cell  accumu- 
lations, S<jme  of  these  cells  are  represented  by  the  red  blood-corpus- 
cles and  their  advance  stages,  which  arc  always  present,  yet  these  are 
of  no  special  interest,  since,  apart  from  a  possible  diminution  in  number, 
they  manifest  no  alteration,  eitber  in  form  or  otherwise.  The  other 
ellular  elements,  on  the  contrary,  are  of  the  greatest  importance,    Fre- 
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qut'ully  only  scanty  mimljers  of  the  typie  marrow  oletneDts,  the  iieu- 
trophile  myelocytes,  are  fouod,  while  small  and  lar^e  lymphocytes, 
reprefiented  by  mononuclear  non-granular  cells,  typic  in  form  and  agree- 
ing in  every  particular  with  the  lymphocytes  in  the  circulating  bloud, 
constitute  practiciiUy  the  whole  mass* 

The  changes  in  the  marrow,  therefore,  as  in  the  other  organs,  con- 
sist in  a  unique  hyperplajsia  of  the  lymphocytes,  which  almost  com- 
pletely repliK-e  all  the  other  tissue — in  other  words,  we  find  an  actual 
*'  lymphoid  ^*  marrow. 

The  funetionatiug  parenchyma  of  the  bone-marrow  remains  a  non- 
participant  in  the  whole  process  till  the  cells  are  forced  into  it  by 
mechanic  pressure,  jn^st  as  in  other  organs — c.*/,,  the  liver  and  kidney, 
the  parL^nchymatous  cells  take  no  part  in  the  proliferative  process,  though 
the  lyraphatic  tissue  may  have  penetrated  between  them.  How  small  the 
iinmber  of  remaining  marrow  cells  (myelocytes,  Ehrlich)  can  be  is 
shown  by  the  enumerations  made  with  scrapings  of  the  marrow  (Bradford 
and  Shaw).  In  1  case  tht^se  showed  0.2  per  cent,  of  neutrophile  jxilynu- 
clear  cells,  0.2  per  cent,  of  myelocytes,  and  99  per  cent,  of  lai^  and 
small  lymphocytes.  This  metaplasia  seems,  in  fact,  to  be  the  rule^ 
Nevertheless,  lesser  grades  occur,  as  b  readily  pn>ved  by  the  cases  in 
which  remnants  of  the  normal  fatty  marrow  may  yet  be  seen.  Further 
f^scs  have  been  desenhed  (Benda)  in  wliieh  a  imiform  hyjKM'plasia  of  all 
the  leukocytic  elements  aj>parently  tix>k  place,  so  that  an  increase  of 
mononuclear  neutrt*pbile  myelocyti.'S  was  found,  in  addition  to  that  of 
the  lymphocytes. 

The  clinical  expression  of  this  alteration  of  the  bone-marrt»w  is 
found  in  the  blood,  since  the  diminution  in  the  poljrTiuclear  neutrophile 
eeUs  is  to  be  attributed  to  the  limitation  of  their  site  of  manufacture 
in  the  bone-marmw.  An  organ  producing  normally  red  blixxl-coqms- 
cles  and  poly  nuclear  leukocytes  becomes  now  a  source  of  lympht.>cytes, 
StiJI,  the  function  of  whatever  reniaius  of  the  normal  marrow  tissue  is 
not  abrogated,  as  is  evident  from  occasional  suppuration,  which  ah^'ays 
contains  the  typic  constituents  of  pus — namely,  the  polynuclear  neu- 
trophile granular  cells.  In  fact,  in  spite  of  its  lessened  number  of 
myelocytcB,  there  appears  to  be  sometimes  a  peculiar  pathologic  waab- 
ing-out  of  the  bone-marrow,  since  in  some  cases  a  small  percentage 
of  neiitmphile  myelocytes  (up  to  ^  per  cent.)  is  found  (Bradford 
and  Shaw). 


ACUTE  LYMPHATIC  LEUKEMIA. 


569 


HISTOGENESIS. 

Having  gtmJietl  the  hist(»logy  of  the  orgtinic  changes  in  acute  leu- 
kr-mia,  the  question  arises,  How  do  the  lyniphoimiUi  and  the  blood- 
alterations  originate?  The  fact  that  we  have  to  do  with  a  pure  lympho- 
cytic aflection  sinipUiie^  the  matter  considerably.  As  a  niattiT  of  fact, 
there  is  only  one  point  to  settle — namely,  whether  the  bt>oe-marn)W, 
which  always  participates,  acts  as  the  startiog-jwint  of  the  leukemia 
(Neunninn),  or  whether  we  have  to  do  with  a  regularly  widespread 
tendency  to  hyfierplasia  of  the  lymphatic  tissue (Ehrlich).  In  deciding 
this  question  we  must  remember  that  in  all  cases  in  which  the  Ijone- 
marrow  alone  seemed  to  show  evident  changes,  the  remaining  lymphatic 
structure  was  not  entirely  intact.  The  very  rapid  increase  in  the  lympho- 
cytosis sup{K>rts  the  eoneUision  that  the  faihire  oJ"  enlargement  of  the 
lymph  glands  and  spleen  is  due  only  to  the  prompt  discharge  of  the 
newly  formed  cells,  and  so  the  physiologic  compensation  which  would 
be  demonstrated  in  a  swelling  of  the  glands  is  prevented.  The  evi- 
dence from  the  histoh)gic  examination  is  sufficient  to  show  that  there 
is  a  decided  increase  in  cellular  formation  in  the  lymph  glands  and  the 
other  lymphatic  striictuR*s,  even  though  they  are  not  enlarge<i  As  a 
matter  of  fact,  no  C4ise  has  been  impartially  described  which  was  purely 
•*  medullary*'*  [In  the  light  of  more  recent  publications,  this  state- 
ment can  ncit  be  accept eil,  even  though  newly  formed  elements  in  the 
lymphatic  glands  and  spleen  are  dischargiHl  into  the  blood  wnth  great 
rapidit\\     Some  evidence  would  surely  remain. — ^Ed.] 

Moreover,  on  the  whole,  this  question  is  of  but  little  imjiortance  at 
the  present  time,  since  neither  view  adds  anything  to  the  ejcplanation  of 
the  pathogenesis  of  leukemia. 

The  only  important  jioiut  is  the  fact  that  we  are  dealing  with  lympho- 
cpee.  From  our  knowledge  of  these  cells  is  derived  all  that  we  know 
about  the  histogenesis  of  the  disease.  First,  the  lymphrxTtes  are  not 
wandering  cells  and  stand  in  no  relationship  to  the  wandering  cells. 
They  are  unable  to  leave  the  vessels  by  their  own  power,  and  are  like- 
wise unable  to  collect  of  their  own  acconi  about  particular  sites.  They 
escape  from  the  circulation  into  the  tissues  only  m  whan  legally — ^i.  c,, 
only  after  injury  to  the  vessel  wall  Moreover,  it  has  not  been  proved 
that  these  extravasated  cells  continue  to  live  and  proliferate  so  as  to 
play  any  ctjnsiderable  rAle  in  the  lymphomatous  tissue  formation  (after 
the  fashion  of  metastases).  On  tlie  contrary,  we  have  the  best  of 
grounds  for  believing  that  the  accumulations  of  lymphocjies  in  every 
location  are  the  result  of  cell  proliferation  in  previously  existing  small 
lymphatic  nodules  found  even  in  many  normal  organs  (Ribbert),  and 
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that  all  the^e  lymphnoiati^  no  matter  where  situated,  whether  in  glands, 
the  spleen,  the  bone-tiiurruw,  the  liverj  the  kidneys,  tlie  skin,  ete*,  dis- 
charge cells  into  the  blood,  while  the  reverse — namely,  the  depositioa 
of  lyiiiphomatotis  masses  fmni  the  blood,  does  not  oot*iir  (Pinktus), 

We  are  unable  here  in  go  into  all  the  evidence  for  this  tlieon ,  since 
the  grt!ater  part  is  tiikeu  not  from  aeute  leakemia,  but  partly  from 
chronic  lymphatic  leukemia  and  jmrtly  from  the  ordinarj^  inflammatory 
roand-eell  infiltration.  We  will  mention  only  the  fa(*t,  which  k  easily 
confirmed  in  theae  eases,  that  the  develiipment  of  lymphomata  takes 
place  in  sihty  as  is  proved  by  the  numerous  mitoses  not  rarely  seen. 

Yet,  in  spite  of  this  mitotic  increase,  we  find  almost  uuexoeption- 
ally  only  very  small  collections  of  lymph  cells,  though  the  duration  of 
the  disease  might  readily  lead  us  to  expect  the  reverse*  Still,  as  the 
small  size  of  the  lymph  glands  is  explained  by  the  rapid  discharge  of 
their  elements  into  tlie  blood,  so  we  can  explain  the  small  size  of  the 
multiple  lymphomata.  Moreover,  from  this  discharge  of  lymph  cells 
from  all  parts  of  the  body  we  have  the  simplest  explanation  of  the  not 
infrequent  rapid  increase  of  lymphocytes  in  the  blood. 

The  transition  of  lymphf>cytes  into  poly  nuclear  leukocytes  has  so  far 
never  been  observed,  and  Benda's  assumption  of  such  a  transition  from 
the  occurrence  of  abscesses  made  up  of  polynticlear  leukocytes,  in  the 
midst  of  renal  lymphomatiij  has  long  since  been  controverted  by  the 
demonstration  of  constant  poly  nuclear  suppuration,  even  in  the  mast 
severe  cases  of  lymphemia. 

ETIOLOGY, 

The  whole  picture  and  the  rapid  incurable  course  of  aeute  leukemia 
give  the  impression  of  an  acute  infectious  disease.  Moreover,  the 
unique  pa t hoi ogico-au atomic  finding,  the  accumulations  of  lymphocytes, 
which  serves  as  a  base  for  all  the  otlier  appearances,  is  not  against  such 
au  assumption.  From  its  first  description,  therefore,  proofs  have  been 
sought  for  this  view,  and  isolated  findings  of  bacteria  seeme<l  to  supjKirt 
it.  Yet,  on  critical  examination,  the  proofs  have  always  been  foimd 
insuflficient.  The  only  fact  demanding  earnest  consideration  is  the  fre- 
quently quoted  observation  of  Obrastssow^  who  saw  the  disease  break 
out  in  a  nurse  a  short  time  after  caring  for  a  fatal  case  of  acute 
leukemia.  Still,  in  this  case  the  possibility  of  an  accidental  coin- 
cidence can  not  be  excluded,  since,  with  the  ejcception  of  a  few 
instances  in  families,  referred  to  under  Pseudoleukemia  (p.  624),  the 
occurrence  has  never  Ik^cu  repeated,  even  after  the  closest  contact. 
Moreover,  in  Askauazy's  case  in  a  pregnant  woman,  the  child  was  not 
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affected.*  Further,  the  occurrence  of  acute  leukemia  in  isolatt^l  caises 
ie  the  newborn  speaks  agaiiKst  iniection,  althougli,  apirt  from  the  jx)»- 
sibility  of  infection  intra  parhun^  there  is>  alwavH  the  question,  Whether, 
with  the  lialnlity  of  the  leuko(n'tic  a|i[>amtus  in  the  newborn,  the  altera- 
tions  in  the  VjIckhI  and  organ.s  have  tlie  same  significance  a8  in  ail u Its? 

Rec*entlyj  the  question  of  the  excitant  and  the  manner  of  infection 
in  leukemia  seemed  to  l>e  decided  by  Lowit.  We  will  gc»  int<:»  his  work 
more  in  detail  in  chronic  leukemia,  and  here  only  refer  to  what  applies 
to  acute  Ifokeniia.  lihvit  believes  that  he  is  able  to  d^-monstrate,  by  a 
particular  staining  nicthoil,  peculiar  characteristic  fiirms  in  the  lympho- 
cytes (usually  in  their  nuelei)^  which  he  describes  as  unicellular  animal 
oi^ganisms  or  hemaniebte.  They  are  found  more  frequently  irj  the  blood- 
making  organs  (lyniph  glands,  spleen,  bone-marrow)  than  in  the  blood 
itself,  and  usually  in  fully  virile — in  fact,  frequently  mitotic— cells, 
while  they  are  wanting  in  those  which  show  degeneration. 

Thus  we  stand  at  tlie  l>egimiing  of  our  knowledge  in  the  investiga- 
tion of  the  excitant  of  acute  leukemia.  Even  in  relation  to  the  predis- 
posing factijrs,  our  kuowletlge  is  still  quite  limited.  It  is  more  fre- 
quently seen  in  youth  and  in  the  male  sex  (see  p*  549),  a  fact  which 
we  will  recur  to  in  discussing  chlon:mia.  Lymphatic  leukemia  in  chil- 
dren sterns  usually  to  run  a  more  rapid  course.  As  a  rule,  no  particular 
injurious  inHuence  can  l>e  demfinst rated.  The  patients  are  usually  in 
giMxl  circinnstances  and  are  not  exiwsed  to  overwork.  Various  things 
have  been  mentioned  as  preceiling  the  acute  onset  of  acute  leukemia  ; 
for  instance,  once  (as  in  scorbutus)  a  diet  devoid  of  vegetables  (Brad- 
for<l  and  Sliaw) ;  and  several  times  severe  aoemia,  debilitating  nursing, 
and  influenza  (Litten). 

It  is  possible  that  in  these  cases  the  exciting  factors  of  leukemia 
developed  (Neumann)  from  an  increased,  or  perhaps  even  a  specific,  irrita- 
tion, the  result  of  the  simple  reparative  hy|>erplasia  of  the  blood-making 
organs  (particularly  the  bone-marrow).  In  supj^ort  of  this  view  cases 
are  describetl  in  which  a  severe  anemia  became  transfooneil  into  acute 
leukemia.  Strauss  especially  advocates  this  view  and  regards  the  relative 
lymphocytosis  in  pernicious  anemia  (note<l  in  this  volume)  as  a  further 
indication  that  this  disease  may  l>e  a  pre<*e<ling  stage  of  lymphatic  leu- 
kemia.   Still  another  support  for  this  theor}'  is  found  in  the  assumption 

1  No  positive  decision  can  be  arrived  at  as  to  the  kind  of  leukemia  in  the  cases  of 
Singer  and  CameTOn,  in  which  the  chlldrun  of  moUierw  alTecied  with  chronic  leukemia 
were  bom  healthy,  jet  we  are  assured,  at  least,  that  there  waa  no  tmnjiference  of  the 
diaeaae  frtmi  mother  to  child.  No  special  cf-mclusion  can  be  drawn  frt)m  the  death  of 
the  child  immediittely  subsequent  lo  nuraing  from  it^  leukemic  mother  in  Cameroo'a 
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of  a  nimraon  origin^— that  is,  a  common  development  stage  for  the  lym- 
phocytes and  the  red  lilooil-corpuHcles,  This  common  origin  is,  however, 
not  proved  and  is  likewise  improbable.  The  ehicidation  of  this  diffi- 
cult problem  requires  niucli  more  thorough  inveMigation.  Every  new 
work  opens  up  now  points  of  view  (Brandenburg,  Xageli,  Loewy  and 
Sehur,  Paviot),  which  show  the  defectiveness  of  our  knowledge  in  regard 
to  the  round  cells  of  the  bone-marrow. 

DIAGNOSIS 

Fn>m  the  numerous  observations  publi^ihcd  in  the  last  ten  years, 
acute  lymphatic  leukemia  is  no  rarer  Uian  the  other  varieties  of  leu- 
kemia. In  factj  from  recent  studic**,  it  is  probabk*  that  not  a  few  cases 
have  been  described  as  severe  purpura,  swrbutus,  morbus  Werlhofii  and 
the  like,  which  were  really  acute  leukemia.  This  idea  is  supported  by 
the  frequent  cases  of  purpura  in  which  a  more  or  less  high  grade  of 
leukocytosis  is  found  in  the  blcKnl  (Denys). 

The  most  important  factor  io  the  tliagnusis  is  the  positive  emdenee 
of  tilt,  bhod-aUeraihii,  For,  on  the  one  hand,  there  are  cases  with 
hemorrhages  from  the  skin  and  mucous  membrane*!  which  are  distin- 
guishable only  by  the  normal  appeamnce  of  the  blood,  and,  on  the 
other,  a  series  of  cases  iu  which  after  an  aleukemic  course  (or,  more 
aocuratcly,  cases  which  seem  to  be  only  severe  anemia)  a  marked  leu- 
kemic change  suddenly  occurral  in  the  blo<xl  sliortly  before  death^ 
unaonaunccd  by  any  new  clinical  symptom  (Kormoczi). 

When  typic  symptoms  are  present  in  a  marked  degree,  as,  for  in- 
stance, an  immense  splenic  tumor,  intense  glandular  swelling,  advanced 
altcnitions  in  the  mucous  membrane  of  the  gums  or  mouth,  a^ociated 
with  a  striking  palhir  and  puffinci?s  of  the  face,  severe  hemorrhages  asso- 
ciated with  irregular  fever  or  none,  it  is  easy  from  the  clinical  symptoms 
alone  to  exclude  the  similar  disea-^es  that  may  come  into  c<.insideration 
(typhoid  fever,  scorbutus,  triehiuosis)  and  arrive  at  a  proper  diagnosis, 
Bradford  and  Shaw  contend  that  after  diagnoshig  their  first  case,  all 
others  were  readily  recognized. 

If  these  symptoms  are  less  in  degree,  it  is  impossible  from  them 
alone  to  make  a  diagnosis.  There  i^  only  one  sign  on  which  the  dij^- 
noeid  can  be  based  with  certainty — namely,  the  appearance  of  the  blood. 
A  marked  and  pmgref^sive  increase  «*f  lymphocytes  (see  table,  p.  555) 
occurs  only  in  lymphatic  leidtemia,  though  naturally  in  the  chronic  as 
well  as  in  the  acute  form^ — which  makes  it  im|K)S8ible,  from  the  blood- 
finding  alone,  to  separate  these  two.  It  is  true  that  for  a  time  the  lai^ 
size  of  the  cells  in  this  lymphocytic  increase  was  regarded  as  indicative 
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of  acute  leukemia  and  of  aeuto  exaccTliatiouri  uf  dimnie  leukemia  ;  but 
after  acute  Jeukemias  with  au  ejcciusive  iiicreiLse  of  the  smull  variety  were 
rceogtiiztHl,  and  chrouic  ca-ses  with  au  iucrease  of  the  hirge  cells,  this  dif- 
ferentiation lost  itii  decisive  character  (A.  Fraeukel).  Among  the  elinieal 
ditFerenct's  we  find  that  the  general  lUsiKH^^t,  tlie  slight  swelling  of  the 
spleen  and  the  glands,  the  rapid  course  with  liemorrhage  and  nlceratiou, 
make  the  differentiation  from  chronic  leukeaiia  sufficiently  marketli  yet 
such  a  differentiation  from  au  acutt^  exacerhation  of  chronic  leukemia  ia 
frequently  impossible^  aud  then  can  Ix'  made  only  by  the  anamnesis. 

In  relation  to  acute  pseudoleukemia,  from  which  acute  lymphatic 
leidcemia  must  be  differentiated^  notliing  at  this  time  ctui  1m?  stated  with 
certainty.  The  d^w  de>cri]>tions  of  this  so-called  disease  at  baud  are 
toil  inacintnitc  and  consider  ti»o  little  the  principal  factor- — namely,  the 
blood-examination.  This  applie8  even  to  the  2  cases  described  by 
Ehstein  in  his  fuodamental  work.  It  is  not  at  all  improbable  that  a 
uumljer  of  these  cases  should  be  reckoned  with  acute  lymphatic  leu- 
kemia. In  Coleman *s  case  11,200  leukocytes  were  couutedj  among 
which  41*  per  ccut.  were  lymphocytes.  The  histologic  finding  iii  the 
widespix^ud  large  lymphomata  was  striking  by  its  lack  of  mitotic 
figures. 

The  relation  of  chloroma  to  this  disease  wnl!  be  studied  lu  a  subse- 
quent section. 

By  the  aid  of  the  blorxl -examination  alone  it  is  jKissible  to  exclude 
all  other  similar  disexises. 

The  diseases  c<jmiug  into  consideratioD  are,  first,  those  which  ruu  a 
similar  course  with  a  stiitus  typhosus.  Among  these  typhoid  fever 
itself  stands  out  preeminent.  This  may  Ix-  confused  not  only  clinically, 
on  account  of  its  general  symptoms  aud  the  oecurnmce  of  de<;uhital 
ulcers  on  the  skin  and  in  the  digestive  tract,  but  even  on  the  post- 
mortem table.  The  anatomic  differentiation,  apart  from  the  bacterial 
finding,  between  lymphatic  leukemic  and  typhoid  ulcers,  ei4[>ecially  in 
the  intestine,  is,  in  fact,  not  rarely  impossible. 

Further,  diseases  falling  under  the  hejid  of  erythema  multiforme  and 
toxieum  present  to  a  certain  extent  similar  appearances.  This  is  true 
e8i>ecially  of  those  manifesting  hemorrhages  from  the  skin  and  mucous 
membmncs,  as  the  ordinary  purpura  rheumatics,  morbus  maculosus 
Werlhofii,  and  septic  erythema.  More<jver,  we  must  include  erythe- 
matous and  hemorrhagic  affections  asscxjiattni  with  ulceration  and  ne- 
crosis of  the  mouth,  as  well  as  the  benign  erythema  multiforme  bul- 
lofium  {which  is  readily  distinguished  by  its  mild  course)  and  scorbutus. 
Esjiecially  interesting  in  this  regard  is  the  previously  mentioned  case 
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CHLOROMA. 

This  disease^  described  pioce  the  begiuDiag  of  the  nineteentii  century 
under  the  names  chloTOraa  (King),  chlorolyniphoma  (Waldstein),  an<l 
green  <»ncer  (cancer  vert  d'Aran),  bears  an  extniordinarily  close  resem- 
blance ti>  acute  lymphatic  leukemia.  It.^  peculiar  nature  was  first 
explained  by  the  recent  work  of  v,  Recklinghausen,  Duck,  Paviot^  and 
Lang. 

The  chief  clinical  symptoms  are  exophthalmos  prmluced  by  a  retro- 
bulbar lymphoma  development,  deafness,  and  swelling  of  the  occipital 
and  temporal  regions.  Following  these,  sooner  or  later,  a  rapid  leuke- 
mia develops^  manifesting  the  same  symptoms  which  we  have  learned 
to  recognize  in  acute  leukemia,  with  the  same  invariably  fatal  termination* 

The  disease  obtains  its  name  from  the  green  color  of  the  tumors,  a 
color  which  is  t>oc4isionally  seen  in  otherwise  typic  case^  of  acute  leukeoiia 
(especially  in  the  bone-marrow). 

The  disease  is  mnch  rarer  than  acute  leukemia.  [Dock,  in  his  paper 
published  in  1893^  reporte<l  1  case  and  collected  16  others  from  the 
literature.  In  a  second  paper,  Dock  and  Warihin  *  have  collected  the 
cases  from  1893  to  1904,  Including  their  own,  they  find  22  cases, 
and  they  refer  to  a  few  unpublished  instances  or  cases  simply  alluded 
to  in  discussions. — ^Ed,]  It  shows  a  predilection  for  childhood  and 
the  male  sex  even  more  markedly  than  acute  leukemia.  [Of  the  22 
cases  in  Dock's  later  series,  3  were  females  and  19  males,  while  in  his 
two  aeries  there  were  9  femala^  and  29  males.  The  average  age  was 
18.8  years  in  the  later  series,  which  is  3|  years  older  than  in  the  former 
series.  In  part,  this  was  due  to  the  fact  that  4  of  tlie  cases  occurred  tn 
persons  between  38  and  52  years.  Fifteen  of  the  cases  were  less  than  25 
years  old,  12  less  than  16,  and  1  only  10  months  old.  Hoyden,^  in  his 
monograph,  refers  to  37  eases,  in  31  of  which  the  age  of  the  patient  \a 
stated.     He  tabulates  them  as  follows  : 

0  to    5  jreurs 4  caoes. 

6  "  10    "      8    ** 

11   **  15    «      6    ** 

16  »*  20    « .  5    « 

21   "  2o    " .    .  4    ** 

28-44-51^2  yeare .'..,.....  each  1  case.— Ea] 

An  immediate  cause  for  the  disease  has  not  been  demon.cttrated, 
provided  the  isolated  mention  of  an  ocular  trauma  (Hillier)  is  not  con* 
sidered  as  such.  It  is  possible  that  the  **  lymphatic  cons  tit  utioD  *'  in 
children  creates  a  predisposition  towanl  the  disease* 

*  Tram.  Amot,  of  Amer,  PhyB.,  vol.  lii,,  1904. 
»  DoM  Chhrom,  Wi€»baden,  1904. 
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The  first  striking  symptom  is  usually  the  exophthalmos,  accompanied 
by  intense  pain  in  the  orbital  cavity.  Soon  after,  disturbances  of  vision 
and  difficulty  of  movement  of  the  bulbus  oculi  appear.  A  short  time 
later  a  hard,  smooth  swelling  develops,  which  is  palpable  through  the 
eyelids,  and,  in  a  case  with  recurrence  after  extirpation  of  the  bulb, 
was  visible  as  a  grayish-yellow  tumor  (Hillier). 

[Heyden  ^  states  that  in  14  of  his  cases  exophthalmos  was  the  first 
symptom  in  the  majority  of  them.  This  was  accompanied  by  deafness 
with  or  without  otorrhea.  In  6  of  the  cases  the  first  manifestation  was 
some  pallor,  and  in  2  swelling  of  the  region  of  tlie  temples.  In  1 
case  petechiae  were  first  observed.  A  few  authors  have  referred  to 
primary  swelling  of  the  glands.  In  1 8  cases  of  Dock's  later  series,  in 
which  the  clinical  histories  are  given,  early  weakness  was  noted  in  9, 
pallor  or  anemia  in  11,  exophthalmos  in  11,  swelling  and  eversion  of 
the  lids  in  1,  deafness  in  10,  swelling  of  the  temporal  region  in  9,  swell- 
ing of  the  face  in  3  more,  enlarged  lymph  glands  in  8,  emaciation  in  6, 
rapid  pulse  in  6.  Pain  was  often  a  prominent  symptom  ;  it  was  most 
frequently  felt  in  tlie  head,  eyes,  teeth  or  ears,  or  in  the  hips  or  legs. 
Hemorrhages  into  the  skin  and  mucous  membranes  occurred  in  8  cases ; 
blindness  in  4 ;  enlargement  of  the  liver  in  3,  of  the  spleen  in  7. 
—Ed.] 

Retinal  hemorrhages  and  whitish  infiltrations  are  found  in  the  pos- 
terior eye-ground. 

Simultaneously  with  the  orbital  swelling  a  hard  synmietric  swelling 
of  the  temporal  recpons  develops,  accompanied  by  difficulty  in  hearing, 
even  to  complete  deafness,  loss  of  sensation,  and  sometimes  slight  dis- 
turbances of  equilibrium  (staggering  gait).  [In  Dock's  second  series 
deafness  was  as  conspicuous  as  in  the  former  series.  He  refers  to  the 
case  of  Koemer,  and  to  the  fact  that  this  observer  found  evidence  of 
ear  symptoms  in  10  of  20  cases  of  chloroma. — Ed.]  During  this  time 
the  normal  skin  color  gradually  yields  to  a  striking  wax-like  pallor, 
the  patient  emaciates  and  weakens.  The  lymph  glands  and  spleen 
enlarge.  Occasionally  tenderness  on  j)ressure  develops  over  the  sternum. 
The  bloo<l  is  often  lymphemic  from  the  first  examination  or  becomes  so 
suddenly  a  short  time  before  death  (Waldstein,  Paviot,  and  FayoUe), 
although  in  the  beginning  it  may  show  no  change  or  only  a  marked 
anemia.  [The  blood-picture  in  chloroma  may  l>e  very  varied.  In  13 
out  of  the  later  series  of  Dock,  the  conditions  were  quite  characteristic 
of  leukemia,  though  in  1  of  these  cases  the  leukocytes  were  not  in- 
creased in  number.     In  the  other  cases  of  the  series,  either  no  blood- 

»  Das  Chhrom,  Wiesbaden,  1904. 
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examination  was  made  or  tlie  data  were  indefinite.  In  10  of  the  cases 
the  blood  re8€mble<l  that  of  acute  leukemia,  according  to  those  who 
n^poried  the  (la^s.  Dock  and  Warthin,  in  their  conclusions*,  state  thai 
the  bkK>d-picttirc  may  be  very  varied,  and  if  this  be  used  as  the  basis 
of  classification,  it  is  |X)S.sil>le  to  designate  diffurent  varieties  of  chloroma. 
They  believe  that  the  white  cells  of  the  blood  are  derived  from  a  hyper- 
plnsia  of  the  parent  cells  of  the  leukocytes,  primarily  in  the  marrow,  the 
periosteum  being  involved  secymdarily*  This  hyperplasia  may  rej^ult 
in  the  formation  of  cells  of  differeut  character,  either  large  lymph'jcytes 
or  neutrophile  or  eosinophile  myelocytes.  At  different  stages  atypic 
forms  may  he  iibservcd.  It  is  uncertain  whether  a  small  lymphocyte 
type  exists.  When  the  hyj>erp!asia  of  tlie  parent  cells  is  at  such  a 
stage  that  the  new  cells  do  not  get  into  the  blood,  there  is  an  aleukemic 
chloroma.  The  involvement  of  the  bone-marrow  cells  by  crowding 
out  erythroblastic  elements  leads  to  severe  anemia^  which  is  one  of  the 
chief  features  of  the  disease.  This  anemia  is  due  to  deficient  bema- 
topoiesis  and  not  excessive  hemolysis. — Ed.]  Moreover,  as  in  acute 
leukemia^  the  increase  is  especially  of  the  large  lymphocytes*  Hemor- 
rhages from  the  skin  and  mucous  membranes  (spongine&s  of  the  gums, 
which  bleed  easily)  make  the  picture  more  and  more  like  acute  leukemia. 

The  previously  mentioned  swelling  of  the  orbits  and  the  tem[x»n)i 
regions  is  not  absolutely  necessary  to  the  disease  picture  j  as  a  matter 
of  fact,  it  is  wanting  in  isolated  cases  ;  and  the  di.scase  then  runs  its 
course  to  death  under  the  picture  of  a  marked  anemia  with  rapid  ex- 
haustion. In  1  of  these  cases  the  only  symptom  of  chloroma  pep* 
ceptihle  during  life  was  tlie  green  discoloration  of  the  urine  ( WaJdstein), 

The  iKithologico-anatoniic  changes  are,  in  general,  thcise  of  acute 
leukemia,  to  which  are  addetl  a  nunilier  peculiar  to  chlowma* 

The  moat  striking  peculiarity  is  the  ffre^m  mlor  of  the  tumors. 
Highl)'  characteristic  is  the  lymphoma  formation  on  the  face  and  cra- 
nium, seen  clinically.  The  <jssc*ous  system  is  especially  affected.  The 
bone- marrow  suffers  often,  even  thougli  not  constantly,  so  &r  as  we 
know,  being  replacal  by  a  greenish,  or  frequently  a  pure  pea-green, 
mass  of  somewhat  increased  consistence  (see  the  picture  in  Dressler*s 
work).  [In  7  of  Dock's  later  series,  changes  in  the  bone-marrow  were 
discovered.  It  must  be  remembered  that  examinations  of  the  bone- 
marn^w  can  not  he  made  with  absolute  tlioroughness,  and  in  a  number 
of  the  cases  no  examinations  at  all  were  made, — ^Ed,]  More  wide- 
spread, yet  less  marked,  are  the  changes  in  the  bones  themselves. 
Lymphogenous  green  tumors  are  deposited  in  all  the  facial  and  cranial 
bones,  either  under  or  in  the  periosteum  or  dura  mater  respectively* 
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The  sutures  are  foroed  apart  even  when  tlie  buries  themselves  are  but 
little  aflTeeted,  aotl  the  ueoplasm  grows  through  all  the  njx^nings,  filling 
up  I  he  orbital  ami  tyuipaiiie  cavities. 

Similar  ehU»ronjatciiis  masses  are  imind  within  and  on  tlje  outii.ide  of  the 
spinal  column,  the  ribs,  the  sternum,  the  pelvic  and  shoulder  girdles,  and 
sometimes  eveu  the  long  bjnes,  su  that,  in  spite  of  the  simJl  number 
of  observations,  almost  every  b<:>ne  has  been  mentioned  once  or  oftener. 
The  marrow  of  the  tubular  bones  is  similar  to  that  of  the  others — 
namely,  pea-grei^ii,  and  may  contain  large  quantities  of  Charcot- Ley  den 
cry  stills,  which  are  wanting  in  lympliatic  leukemia.  Their  presence  in 
Cf>nj unction  with  the  guaiac  reaction  (see  p,  580)  supports  the  view  that 
cellular  eJenients  other  thau  lymphocyteij  must  participate  in  the  build- 
ing up  of  the  chhjromatoiis  masses. 

The  lymphatic  organs  are  almost  as  markedly  affected  as  the  bone- 
marrow.  A  green  swelling  of  tlie  lymph  glands^  especially  of  the  head 
and  neck,  arises,  and  we  find  tumors  on  the  tongue,  palate,  and  pharynx. 
[The  lymphatic  ghinds  were  frei|uent!y  iuvolved  in  Dock*s  series,  but 
in  1  case  it  was  expressly  stated  I  hat  the  lymphatic  glands  were  with- 
out pathologic  changes.  Hey  den,'  referring  to  the  matter  of  glandular 
enlargement,  states  that  apparently  all  eases  have  been  attendee!  with 
swelling  of  the  lympliatic  glands.  Those  of  the  extremities  and  of  the 
bmnchial  region  are  most  frequently  involved  j  less  frequently  the  al> 
dominal  and  ikOvic  glan<ls, — Ed.]  The  salivary  glands  (parotid,  sub- 
maxillary) are  infiltrated  with  lymphatic  tissue,  the  thymus  and  pan- 
creas are  partially  replaced  by  green  masses.  Peyer's  j>atches  and  the 
lymph  follicles  of  the  intestine  are  grayish  green,  often  swollen,  and 
fiome times  ulcerated  and  riddled  with  hemorrhages.  The  spleen  is 
enlarges]  on  account  of  an  increase  of  lymph  tissue.  The  kidneys  and 
liver  contain  green  lymphomata,  some  superficial,  others  well  within  the 
parenchyma.  Moreover,  analogous  to  the  infiltrations  in  acute  leu- 
kemia, the  found -celled  greenish  accumulations  accompany  only  tlie 
branches  of  the  portal  vein,  while  the  hepatic  vein  remains  free 
(Paviot).  Similar  masses  are  found  in  the  lungs  and  pleurae.  The 
nervous  system  alone  is  exempt.  The  symptoms  p^ocee^ling  from  it, 
like  blindness,  deafness,  and  paralysis,  are  usually  referable  to  com- 
pression by  extcTnally  situated  chloromatous  masses  or  to  distnrfjanoes 
of  the  nerve  endings. 

The  histologic  structure  is  that  of  a  lymphoma,  and  consists  I**^b' 
of  small,  jiartly  of  lai^,  mononuclear  n)und  tx^lls  deposited  in  a  delicate 
reticuluni.  The  green  coloring-matter  appears  in  the  form  of  small 
*  Da*  Chlonm,  Wiesbftdea,  1904 
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Ptrongly  refractive  granules,  situated  in  the  cells  of  the  tumor  masses. 
The  reaction  of  these  pigment  granules  would  seem  to  indicate  a  fetty 
composition.  They  are  green  from  the  begiDning,  or  become  sn  after 
short  exposure  to  the  air.  Later  they  take  on  a  Jirty  color  and  may  so 
remain  for  t^everal  days,  or  disajipear  suddenly  when  exposed  U*  the  air, 
though  they  may  l>e  made  visible  again  by  treating  with  a  solution 
of  ammonia  (Paviot  and  Hugouoenq),  They  are  decolorized  by  alcohol 
to  a  dirty  gray.  The  pigment  is  solnble  in  absolute  alcohol  and  ether 
and  is  stained  dark  by  osmic  acid  (1  per  cent.).  It  fails  to  re*?pond  to 
the  irt»u  reactions  (Horing).  It  stains  old  thicture  of  giiakic  at  onc*e 
blue;  becomes  blue  itself  and  (in  sections)  retains  this  color  for  ten 
minutes.  Following  this  the  tissue  is  first  decolorized,  and  then  the 
solution  (tincture  of  guaiac)  elmuges  to  a  dirty  yellowish  green.  The 
preserving  fluid  undergoes  the  same  reaction.  On  immersion  in  botUng 
water  the  tumor  loses  its  oxidizing  properties.  After  contact  w*ith 
paraphenylendiamiu  for  twenty  to  thirty  nuimtes,  the  chloroma  is 
stiiined  a  dark  vio]et  (Paviot  and  his  co-workers).  This  reaction  is  not 
given  by  chloroma  alone,  but  is  the  common  property  of  many  rapidly 
growing  tumors,  Moreover,  the  gnaiac  reaction  o(*curs  in  connection  with 
the  richly  cellular  boue-msirrow  of  pernicious  anemia  (Naegeli),  while  it 
is  wanting  in  organs  filled  with  lymphocytes  (Brandenburg)*  [Refer- 
ring to  the  colt>r  of  chloroma,  Doek  concludes  that  the  cause  of  the 
green  color  is  unknown^  though  it  [»robably  belrtngs  to  the  group  known 
as  parenchymatous  colors.  It  is  possible  that  pn>cesses  morphologically 
like  chloroma  may  lack  the  characteristic  colon  Such  cases  should  be 
classed  with  noii-chloromatous  leukemias, — Ed.] 

In  the  early  cases  the  diagnosis  of  chloroma  was  usually  made  only 
after  death,  less  on  account  of  the  possibility  of  confusion  with  other 
diseases  than  on  account  of  the  unw>mmf>n  clinical  picture, -which  made 
the  afiectiou  ap|»ear  as  something  new — unknown.  Still,  the  likewise 
very  rare  eases  of  symmetric  disease  i»f  the  pal i vary  and  lacrimal 
glands,  wliich,  from  a  path ologico-an atomic  standpoint,  also  l>elong  to 
the  lymphatic  hyperplasias,  shi>w  a  great  similarity  to  chloroma.  They 
are  differentiated  by  their  longer  duration  and  the  relative  mildness  of 
their  course.  We  will  discuss  tlicni  more  in  detiil  in  dealing  with 
chronic  lymphatic  leukemia  and  pseudoleukemia. 

The  prognosis  of  chloroma  is  always  unfavorable.  Death  follows 
in  from  several  weeks  to  several  months. 

The  therapy  is  quite  as  futile  as  in  acute  leukemia.  Operative  inter* 
ferenoe  has  likewise  been  without  result  (Hillier). 
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Under  the  definition  of  chronic  lymphatic  leukemia  are  included 
those  cases  which  run  their  course  in  from  several  months  to  years  with 
a  hyperplasia  of  the  lymphatic  apparatus  and  an  increase  of  the  lympho- 
cytes in  the  blood.  This  type  was  differentiated  first  by  Virchow.  Its 
boundaries  were  sharply  defined  by  Neumann  and  Ehrlich,  corresponding 
to  the  advance  in  our  knowledge.  In  spite  of  this  early  histogenetic  defi- 
nition, we  frequently  find  cases  in  which  the  kind  of  leukemia  was 
diagnosed  by  clinical  symptoms  other  than  the  lymphocytosis;  for 
instance,  tlie  presence  or  absence  of  glandular  or  splenic  enlargement. 
Farther,  we  meet  a  large  number  of  cases  which,  according  to  the  gen- 
eral clinical  picture,  would  be  included  under  the  head  of  pseudo- 
leukemia or  malignant  lymphoma  (that  is,  an  affection  simulating 
lymphatic  leukemia,  with  or  without  some  alteration  in  the  proportion 
of  whites  to  reds),  but  in  which  a  lymphatic  alteration  of  the  blood  is 
recognized  by  modem  staining  methods. 

If  we  follow  the  conclusions  of  the  above-mentioned  investigators, 
Ijrmphatic  leukemia  should  be  excluded  from  either  of  the  classes  men- 
tioned ;  from  the  former,  on  account  of  the  general  clinical  symptoms — 
e.  g.f  the  lymph-gland  swelling  ;  and  from  the  latter,  on  account  of  the 
blood-picture. 

In  other  words,  our  guiding  criterion  must  be  the  principle  laid 
down  in  the  consideration  of  acute  lymphatic  leukemia — namely,  that 
the  diagnosis  of  a  leukemia  and  its  variety  can  be  based  only  on  the 
appearance  of  the  typic  blood-change,  and  that  the  other  clinical  symp- 
toms are  of  secondary  importance. 

This  brings  us  to  the  consideration  of  the  question  which  was  dis- 
cussed briefly  in  the  introduction,  and  which  must  first  be  thomughly 
understood,  so  far  as  our  knowledge  goes,  before  we  take  up  the  descrip- 
tion of  chronic  Ivmphatic  leukemia. 


From  the  b^inning,  the  blood-finding  has  been  considered  the  only 
absolutely  certain  characteristic  in  the  diagnosis  of  leukemia.  All  other 
symptoms  are  to  be  regarded  as  inadequate,  since  cases  are  known  which 
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sioiulate  leukemia  in  every  way  except  id  the  marked  increase  in 
white  blood -corpuscles  ;  in  fact,  these  cases  are  called,  on  this  account, 
pseudoleukemia.  True,  the  cases  of  pseudoleukemia  corresponding  to 
the  type  of  malignant  lymphoma  are  frequently  very  different  from  the 
average  lymphatic  leukemia*  Still,  we  have  all  Borts  of  transitions — 
from  this  tyjxi,  which  gives  more  the  imprer^sion  of  a  hx^I  enlargement 
of  lymph  glands,  t*>  the  types  exactly  resemhling  lymphatic  leukemia. 

While  in  extreme  cases  the  cimical  differentiation  is  easy,  in 
other*  the  iKiundary  is  ill  defined,  since,  as  we  have  known  for  some 
tiniCj  a  moJemte  alteration  of  the  blood  is  not  rare  even  in  pseudo- 
leukemia. In  fact,  a  number  of  investigators,  taking  their  cue  from 
the  experience  of  recent  years,  consider  the  leukocytic  increase  neither 
as  character i St ie  of  leukemia  nor  contrary  to  the  assumption  of  pseudo- 
leukemia. Even  lymphocytoses  of  high  degree  are  sometimes  ignored 
in  the  decision. 

Thi,s  uncertainty  forces  us  to  the  conclusion  that  it  is  impossible  to 
separate  accurately  histogenetic  lymphatic  leukemia  from  pseudoleu- 
kemia ;  and  it  becomes  necessary,  therefore,  to  include  these  two  affeo- 
tions  in  one  group  as  closely  related  diseases. 

In  this  group  very  different  clinical  pictures  are  associated  with  the 
common  bond  *)f  lymph-gland  enlargement  and  lymphocytosis.  Among 
these,  two  fundamental  types  may  be  differentiated  :  one  including  the 
cases  with  a  marked  degree  of  lymphocytosis — genuine  hfmphatlc  leu- 
kemia ;  the  other  including  those  with  no  marked  deviation  of  the  pro- 
portion of  W.  :  R, — lyrnphidic  pseudokuknnia} 

A  sharp  line  can  not  be  drawn  between  th^e  two  groups.  More- 
over, if  we  consider  the  bhu id-finding  the  most  important  clinical  syrap- 
toiUj  the  diagnosis  of  genuine  leukemia  must  be  bascti  on  the  numeric 
proj>ortion  tjf  W.  :R.,  which  nxther  limits  its  value.  In  general  the 
l>oundary  line  lies  between  (W.  :  R.)  1  :  100  and  1  :  200.  Smaller 
quotients  are  to  be  I'eckoned  to  pseudoleukemia,  larger  ones  to  genuine 
leukemia. 

The  existence  of  lymphocytosis  in  these  cases  allows  them   ijo  be 

differentiattxl   from   several   other  affections   which  are  clinically  very 

similar,  but  in  which  this  symptom  is  wanting.     In  the  absence  of  this 

lymphocytosis  we  must  consider  another  etiology  for  the  enlai^ment 

of  the  glands  as  probable ;  in  fact,  so  far  this  probability  has  been  veri- 

*  The  term  lymplintjc  pseud oletikcni in  is  not  used  to  imply  a  contrast  with  any  other 
terTniiif)io(a:y  (e.  ^.,  rajeloRenmis  pseudoleukeraiii) ;  for  there  Is  no  olbt?r   form  of  thiv 
dis^ajif  than  the  one  amoctateii  with  enlarfpement  of  the  Ijmph  glands^  and  Irmpheiiiift 
etands  iini()ue.    The  designation  "  lymphatic,"  therefore,  la  to  be  taken  oolj  as  a 
genetically  explanatorj  adjective. 
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fied  in  even''  cj^se  which  caoie  to  autopsy.  [Ewing'  statas  that  "in 
the  leas-raarked  stiiges  of  lymphocythfmia,  t'^pecially  of  the  acute 
form,  the  number  aud  proportion  of  lyiiiphocyttfs  may  be  far  from 
charaoterii^tic  of  leukemia.  Wheu  there  are  leis  than  150,000  leuko- 
cytes and  less  than  liO  per  cent,  of  lymplioeytes  the  onndition  of  the 
blocKj  does  not  differ  from  that  seen  in  Hjme  forms  of  inflaruiiiatory 
leuktxjytosii?,  or  of  lymphocytosis  in  the  secimdary  anemia  of  children, 
or  of  the  obscure  condition  called  *  v.  Jaksch\s  anemia.'  In  inflam- 
mat^jry  lymphocytixsis,  however,  there  are  always  a  fair  propjjrtion  of 
polynuclear  leukocytes,  which  are  very  scanty  in  lymphemia,  and  the 
lymphocytosis  is  usually  trausient."^ — Ed.] 

Ill  regard  to  the  cases  withe *ut  lymphocytosis,  there  are  two  ix^ssi- 
bilitieii : 

1,  That  we  have  to  do  with  a  stage  of  lymphemia  in  which  the 
alteration  of  the  blood  has  not  yet  apjK^arcd,  on  account  of  tlie  ?liort 
duration  of  the  process  ;  or  with  a  tenniual  stage,  complicated  by  septic 
infection  from  which  a  previously  existing  lymphocytosis  has  disap- 
peared* 

2.  That  we  have  to  do  with  another  disease — for  instance,  peculiar 
forms  ivf  tubcrculofr-is,  which  we  will  describe  more  thorouglily  when 
speaking  of  the  diflerentiid  diagnosis  ;  or  the  unique  affectioij  which 
Kiuulnit  ha^  ditferentiatcd  from  the  large  group  of  lymphatic  tiunors 
under  the  name  lym|jhosarcomatosis. 


We  therefore  consider  ourselves  justified  in  including  under  one 
head  all  cases  raanifestitig  a  lymphocytosis.  On  acci>uiit  of  the  marked 
clinical  different*es  in  those  c:ist*s,  it  is  not  improbable  that  quite  hetero- 
geneous processes — that  is»  processes  etioh^gically  different — have  l^een 
artificially  combinetl.  Still,  we  have  no  means  of  making  a  better 
classification.  The  simple  division  according  to  loadization,  previously 
in  vogue,  is  nut  snfiieiently  comprehensive  and  accui-atc,  since  we  have 
to  do  with  exactly  tl»e  siime  pathologico*anatomic  phenomena  in  the 
different  plat^es.  [Ewing"'  refers  to  endothelioma  of  the  lymph  nodes 
as  the  anatomic  basis  of  a  case  of  lymphatic  leukemia  studi*Hl  by  him. — 
En.]  Perha[»^  tlie  long-desired  explanation  may  l>c  brought  forth 
by  the  further  investigation  of  the  nature  and  etiology  of  the  disease. 

>  am.  PiOL  of  ih€  Blood,  2d  ed.,  p,  26a 
*  Ibid^  p.  239. 
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SYMPTOMS  AND  COURSE. 


Otiset.^ — The  onset  of  chronic  lymphatic  leukemia  is,  in  the  ma- 
jority of  easesj  gradual  and  insidious.  The  few  observatiuus  relating 
to  an  acute  beginning  am  by  no  means  sufficiently  clear  to  refute  the 
objection  that  they  represent  acute  exaoerbatious  or  the  occurrence  of  an 
acute  intercurrent  disiease  in  the  couri^^e  of  a  previously  existing,  though 
latent,  chronic  leukemia.  In  acute  leukemia  the  determination  of  the 
beginning  is  frequently  difficult  on  account  of  ignorancM?  of  the  condition 
before  the  primary  observations^  and  is  possible  iu  only  a  few  not  very 
typic  cases  of  espeeially  rapid  course ;  but  in  chronic  leukemia  we  liave 
almost  no  criterion  by  which  to  dmw  a  sharp  line  between  health  and 
the  onset  of  the  disease. 

The  enlargement  of  the  lymph  glands,  observed  early  in  many  ea£§e>, 
makes,  to  a  certain  extent,  a  time  boundary.  For  when  a  long-con- 
tinned  anemia  associated  with  widespread  enlargement  of  the  lymph 
glands  calls  attention  to  a  disease  of  the  hlcwMl-making  organs,  we 
usually  find  such  a  marked  alteration  of  the  1)1  ood  that  a  long  existence 
of  the  affection  can  be  concluded*  Still,  enlargement  of  the  lymph 
glands  is  not  rarely  wanting  till  toward  the  end  of  life,  and  then  only 
an  accidental  examination  of  the  blood  discovers  the  lympbemic  con- 
dition. 

Since,  therefore,  no  certain  time  can,  as  a  rule,  be  set  for  the  be^'n- 
ning  of  the  disease,  we  must  consider  that  the  alterations  iiccur  slow*lr 
and  imperceptibly  till  the  disease  is  so  far  advanced  as  to  produce  sub- 
jective complaints  and  objective  symptoms. 

As  has  bi«n  mentioned,  the  most  frequent  symptom  to  call  attention 
to  the  disease  is  the  enlargement  of  the  Ijrmpll  g^lands.  This  enlarge- 
ment may  exist  with  otherwise  ])erfect  liealth  for  a  long  time,  even 
years.  In  this  case  it  is  usually  slight,  but  it  may  at  any  time  rapidly 
increase  to  extraordinary  dimensions.  The  enlargement  may  be  regu- 
larly distributetl  over  the  different  regions  of  the  bcxly  ;  although,  much 
more  frecjueotly,  it  is  nioi-e  or  le^  limitetl  to  one  or  several  groups. 
Immense  lymphomata  are  observed  most  aimmonly  on  the  neck.  They 
are  nsually  ass<xMated  witli  ratlier  large  one^^  in  the  axilla  and  smaller 
ones  in  the  groin— in  other  wonls^  there  is^  as  a  nile,  a  decrca^  in  size 
from  above  downward.  Still,  not  rarely  the  largest  glands  are  found 
in  the  axillre  and  oeeasionally  in  the  groin  and  thigh*  It  sometime9 
happens  that  an  enlargement   is  scarcely   perceptible    externally,  but. 
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poet  niorteni,  immense  masses  are  found  in  the  chest,  abdomen,  and 
pelvis  (Elirlich  and  Wassermunn).  In  rare  cajses  we  find  no  enlarge- 
ment worthy  of  mention. 

The  glandular  maases  consist  of  single  lyniphomata  well  separated 
from  one  another,  varying  from  a  very  small  size  to  that  of  an  egg  or 
an  apple*  Adhesions  between  the  glands  are  extremely  rare,  and  at^ 
practically  always  to  be  referred  to  malignant  degeneration  or  compli- 
cating iieriadeniris,  which  i.s  not  a  feature  in  the  actual  picture  of  leu- 
kemia. The  shape  of  the  individual  gland  is  unexceptionally  ellip- 
soidal, with  equal  or  unequal  short  axes,  or  egg-form.  It  is  h<imetimes 
flattened  out  by  the  lateral  pressure  of  other  glands  or  structures  in  the 
neighborhoixl  (skin,  underlying  soft  tissues).  The  conststence  in  the 
genuine  leukemic  luses,  the  blood  of  which  shows  a  marke^J  derange- 
ment of  the  proportion  of  whites  to  reils,  is  almost  always  soft  and 
elastic,  usually  simulating  that  of  the  normal  tchticlc,  and  is  only  rarely 
bard,  even  to  bony  hardness,  as  in  pscodoleukemia,  the  blood  of  which 
abow*s  only  a  relative  increase  of  lym]>hiH'ytes. 

In  addition  to  the  disfiguration  of  and  loss  of  motion  in  the  part, 
the  symptoms  directly  arising  from  the  cnhirgement  of  the  glands, 
though  of  infrequent  occurrence,  consist  of  pain,  which  is  usually  slight 
and  but  rarely  of  marked  intensity,  and  of  the  more  important  results 
of  pressure  on  the  vital  organs.  Among  the  latterj  compression  of  the 
trachea  and  of  the  vascular  trunks  most  frequently  gives  rise  to  disa- 
greeable symptoms. 

The  glandular  tumors  continue  to  increase  in  size  till  the  termina- 
tion of  life,  provided  an  intercurrent  disease  (erysipelas,  septic  infection, 
cholera)  does  not  cause  them  to  disappear,  as  in  acute  leukemia. 

Among  the  other  blo«xl-making  organs,  the  Spleen  alone  manifests 
physical  signs  of  disease.  Its  enlargement  is  almost  a  constant  accom- 
paniment of  chronic  lymphatic  leukemia.  Very  large  spleens  are  srmie- 
timcs  seen,  though,  as  a  rule,  the  enlargement  is  not  so  great  as  in 
myeloid  leukemia,  in  which  the  whole  left  side  of  the  abdomen  is  often 
taken  up  by  the  tumor,  which  extends  to  the  right  beyond  the  umbilicus 
and  downwanl  into  the  ^-^niall  pelvis.  The  splenic  tumor  of  lynqihatic 
leukemia  is  movable  within  nuKlerate  limits.  In  sixe  it  usually  extends 
several  fingers'  breadth  beyond  the  Itonler  of  the  ribs,  and  when  it 
reaches  the  umbilicus  it  must  lie  considert^l  very  largt*.  The  enlarge- 
ment take.-^  place  regularly  in  aU  direct ionsj  so  that  even  when  consider- 
ably enlarged  it  retains  its  typic  form.  The  size  of  the  spleen  Is,  in 
general,  dependent  on  the  duration  of  the  disease,  siufie  it  usually  grows 
slowly  and  oontinuously  till  death.     Nevertheless,  since  the  rapidity  of 
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the  enlargement  varies  in  different  cases,  we  find  in  some,  after  a  ^hort 
dunition,  very  large  tumors;  in  utherB,  after  tbe  same  length  of  tirae> 
even  when  die  other  syniptomb  are  marked,  only  mi>derate-sized  ouea. 
The  very  large  and  hani  spleens  seera,  a^  a  rule,  to  belong  to  the  cases 
manifesting  a  .small  lymph ney to^^is  in  the  blood. 

That  an  aetnal  enhirgement  fif  the  *?pleen  is  not  absolutely  neoessaiy 
to  lymphatic  leukemia  was  demonstrated  in  the  first  case  described  by 
Virehow,  in  wliieii  the  orgtm  presented  no  macroscopic  abnormality 
beyond  a  certiihi  hardness.  The  same  condition  has  been  re|Kjrted  in 
a  number  of  recent  observations. 

An  excejition  to  the  rule  that  the  gro\\ih  of  the  leukemic  spleen 
continues  till  the  end  of  life  is  seen  in  the  cnses  (previously  mentioned) 
of  bacterial  infection,  as  well  as  in  those  in  which  an  acute  exaccrbatian 
of  the  leukemic  process  takes  place  ^u6  jinein  vitoE^  General  septic  io^ 
fection  and  loc*alized  suppuration  are  the  most  frtHjUent  factors  in  dissi- 
pating the  lyniphcmiaj  so  that  the  enlargement  of  the  lymph  glands 
and  spk'en  diminishes  and  the  bliKMl  nut  rarely  loses  its  lyraphemic 
character^  and  even  goes  over  into  a  condition  of  jmlynuclear  leuko- 
cytosis. Still,  this  influence  of  a  septic  infecrtion  is  by  no  means  the 
rule.  Leukemic  patients  may  |mss  through  these  complications  without 
any  change  in  the  lymi>hemie  symptoms  (Hirschlatf ), 

A  decrease  in  the  splenic  tumor  has  also  been  observed  following 
long-persistent  diarrheas,  whicli  sometimes  ariM*  in  e«»unL*ction  with  the 
medication  (iyd^iform)  or  otlier  thera|>eutir  measures.  This  decrc*ase 
can  only  rarely  be  r(^garded  as  an  improvement  of  the  general  leukemic 
condition.  Moreover,  in  the  cases  in  which  an  improvement  of  the 
general  condition  is  asstKiiated  with  a  diminution  of  the  splenic  tumor, 
the  numeric  proportion  tif  whites  to  retls  usually  changes  but  little  or 
may,  indeed,  become  more  markctl.  Several  rare  cases  of  apparent 
recovery  will  be  discussetl  later. 

The  alteraticm  of  the  bone-maiTOW,  to  which  Neumann  first  called 
attention  as  a  emistant  finding,  is  usually  marked,  yet  in  contrast  to  the 
similar  condition  hi  myelogenous  leukemia  and  to  the  specific  tumor* 
like  lymphadenoid  ilisease  of  the  marrow  in  the  affection  known  as 
multiple  myelomata  (Rustieki)  or  lymphadenia  ossium  (Nothnagel)  it 
only  rarely  gives  rise  to  elinieal  symptoms.  Intense  pain  in  the  bones 
is  usually  the  result  of  secondary  inffTtion  of  the  periosteum  and  absoesa 
formation.  Litten  especially  has  dniwn  attention  to  the  fact  that  the 
tenderness  of  the  bones,  which  is  considered  typic,  may  be  wanting  in 
the  most  advanced  cases  of  disease  of  the  marrow.  In  lymphatic  lea- 
kemia  it  is  prtictically  never  present. 
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The  symptoms  prr>diioed  bj  the  development  of  lyniplioruata  in 
vrgans  other  tiian  thi*  blond -making  ones  will  he  diseihssed  later.  AVe 
wish  to  deal  tiri^t  wit!i  tlie  eharaeterktic  8ymptom  of'  lymphatic  leu- 
kemia— ^uamcly,  the  blood-pidure. 

Alterations  in  the  Blood. — The  priDcijml  symptom  manifested 
by  the  blood  is  the  ificreiUie  in  it^mphfivtfU'^s, 

In  the  general  inereiuse  of  leukocytes  observed  the  lymphocytes  par- 
tieipate  to  a  raarkctl  degree,  both  relatively  imd  absc^Iutely,  The  relative 
increase  in  lymphocytes  is  esj»ei"iaMy  striking,  and,  since  it  is  easier  to 
determine  than  the  abs^dute  immlwr^  it  is  pirtienlarly  useful  in  the 
diagnosis.  It  is  not  rare  with  a  proportion  of  whites  to  reds  of  only 
1:100  (which  requires  only  about  20,000  white  bhjod-curposcles, 
on  account  of  tlje  almost  constant  oligocythemia)  to  find  90  to  96 
per  cent,  of  lymphm^ytes*.  With  a  greater  pix)|>ortion  of  whites  the 
relative  lyniphfjcytosis  may  increase  even  to  99  per  cent.,  produc- 
ing an  almost  complete  absence  i*f  all  the  other  varieties  of  leuko- 
cytes. 

The  lymphocytes  of  chronic  lymphatic  leukemia  belong,  in  by  far 
the  great  majority  of  Ciises,  almost  exclusively  to  the  small  variety. 
They  are  the  sjime  size  as,  or  smaller  than,  the  red  bloixl-coq)Uscles, 
and  d\ow  a  small  amount  of  pnitoplasm  and  a  rt^nnd,  usually  feebly 
staining,  sharply  circurascribtMl  nucleus  with  a  round,  clear  vacuole 
(nucle<dus).  The  protoplasni  is  basophilic  to  methylene  blue  and  is 
ot\en  filamentous  at  the  margin.  Medium -sized  and  large  forms,  which 
are  the  cf>mmr»n  ones  in  acute  leukemia,  may  be  found,  though  usually 
rare ;  there  are,  however,  very  chronic  leukemias  which  show  only  tlie 
large  variety, 

A  considerable  number  of  the  lymphocj'tes  circulating  in  the  blood 
(sometimes  more  than  one-tenth  of  the  entire  number)  manifest  signs 
of  tlegencmtion,  as  has  bei^n  shown  espeeijdiy  by  Gumprecht,  The 
destruction  of  thei^e  cells  begins  in  the  nucleus,  an<l  is  manifested  either 
by  a  more  intense  staining  and  subs*Mjuent  breaking  up  iuto  intensely 
stained  fragments  (karyorrhexis),  or  by  a  swelling  accompanied  by  a  loss 
of  stahiing  power  and  the  formation  of  |)eculiarly  large  dentate  forms 
(karvolysis),  often  resembling  an  oak  ]ea£  (Askanazy),  The  protoplasm 
of  the  cell  degenerates  later*  To  what  extent  these  alterations  «>f  the 
lymphocytes  are  to  be  n*gardeil  as  true  retrograde  metamorphoses  must 
be  left  for  future  investigation*  On  account  of  the  absence  of  these 
degeneration  forms  in  fresh  nnstaioefl  prepamtions,  Askanazy  believes 
that  they  represent  abnormalities  artificially  produceil  in  the  readily 
compressed  lymphocytes,  especially  since  they  are  much  more  frequent 
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in  the  thin  crushed  p:^rtioiis  of  tlie  smear  tiaan  io  the  usually  thicker 
marginal  jjortions. 

The  other  varieties  of  leukoi^tes  particii>ate  in  the  increase  only 
exceptionally  and  then  in  a  sliglit  degree.  In  fact,  their  number  m 
usually  quite  considerably  les^ned  in  c(»mparison  with  the  normah 
This  diminution  afiect?  ei5{>einally  the  neutrophile  [Kilynuelear  oelk, 
which  constitute  normally  the  greatest  number.  Their  relative  number 
18  decreased  by  the  increase  of  lymphocytes  from  the  normal  figures  of 
about  70  per  cent,  to  10  per  cent,  or  even  less,  and,  not  rarely,  to  even 
2  or,  intleed,  1  j»cr  cent, 

Eosinophile  cells  are  ustially  found ;  mast  cells  are  seen  in  only 
extremely  small  numbers.     Myelocytes  are  wanting  in  almost  all  cases. 

The  immber  of  red  blooil -corpuscles  frequently  remains  normal  for 
a  long  time,  or  is  only  insignificantly  decreased  (to  4,500,000  or 
4,000,000).  With  the  appearance  of  cachexia  their  number  gradually 
decreases,  though  it  seldom  sinks  much  below  2,000,000.  Nucleated 
red  liknid-corpuscles  are  rare,  and  other  alterations  are  only  exception- 
ally described. 

The  percentage  of  hemoglobin  about  corresponds  to  the  number  of 
red  blood-corpuscles* 

Some  increase  of  lymphocytes  is  always  found  on  the  first  cxamina* 
tion,  after  other  clinical  symptoms  (especially  the  enlargement  of  the 
lymph  glands  and  spleen)  have  given  cause  ibr  the  investigation  of  the 
blood.  Moreover,  when  the  first  examination  is  made  a  longer  time 
before  the  fatal  termination  we  find,  in  the  course  of  further  observa- 
tion, a  gradually  progressive  increase,  with  rare  slight  remissions,  in 
the  whole  number  of  leukocytes  and  the  relative  number  of  lympho- 
cytes, so  that  at  the  time  of  death  the  number  of  lymphocytes  is  usu- 
ally higher  than  at  any  precetling  period. 

SpontancHius  diminution  and  even  complete  disappearance  of  tbe 
lymphocytosis  has  been  observed  several  times*  Sometimes,  in  its 
place,  a  poly  nuclear  leukocytosis  is  seen.  This  alteration  of  the  blood- 
finding  is  usually  the  result  of  some  bacterial  complication.  Very  ex- 
ceptionally, in  th(!sc  cases,  recovery  of  lioth  the  complication  and  the 
original  disease  has  been  reported  (Delens,  Mager). 


The  other  symptoms  of  chronic  lymphatic  leukemia  are  dependent 
on  the  development  of  hjmphaiic  tissue  in  the  organs.  They  are  the 
result   of  the   new  growth,  on   the  one  hand,  and  of  the  mechanic 

limitation  of  the  functionating  parenchyma,  on  the  other.     The  appar- 
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ent  toxic  effect  of  the  rapid  destruction  of  tissue  seen  in  the  proetratioD, 
the  fever  and  thealtere<l  Dletal:K>li^^m  of  acute  leukemia  is  only  .suggested, 
when  the  chronic  iurm  takes  on,  mib  fineni  v^te,  a  course*  sirnylating  the 
acute.  Every  sign  of  deeper  organic  change  is  wanting;  even  the 
pallor  of  the  skiuj  iu  otlit^r  forms  of  leukemia  a  most  coospicuous 
symptom  J  has  never  Ijeen  nb^LTved. 

Highly  interesting  alterations  of  the  8kin  occur  in  rare  cases, 
A  very  mild  condition  is  an  intense  itching  of  the  entire  Kkiii,  which 
is  usually  dry  and  withered,  this  wmtlitirm  being  frefjuently  associated 
with  an  eruption  of  urticaria  jiapulosa  and  vesiculosa*  Preceded  by 
the  sensation  of  burning  and  itching,  hard  yeOo wish-white  wheals  with 
a  centrally  situated  vejsicle  suddenly  ap]>ear.  The^se  are  distributed 
irregularly  over  the  whole  body,  though  esiw-cially  on  the  arms  and  logs, 
as  in  other  iymphomatous  affections  (raalaria  with  splenic  tumor,  pseu- 
doleukemie,  like  lymph-gland  tuberculosis).  At  the  site  of  the  wheals 
which  have  l)een  scratched,  small  granulation  tumors  sometimes  form, 
to  disappear  again  after  a  short  time. 

The  oc5currenoe  of  lymphomata  in  the  skin,  either  as  small  tubercles, 
varying  in  size  up  to  that  (4'  a  i>eaii,  distributetl  over  the  whole  body,  or  as 
largt^r  nodules  showing  a  sf>eeial  pre<lilection  for  the  face,  is  more  strik- 
ing and  has  been  more  frequently  described.  Projecting,  sometimes 
even  overhanging,  tumors  are  seen  on  the  eyebrows,  eyelids,  cheeks, 
nose,  lips,  and  ehin  ;  and,  on  account  of  their  shape  and  reddish-brown 
to  bluish-reil  color,  give  a  peculiarly  disgusting  appearance  to  the  face, 
alreiidy  disfigured  by  large  lymphomata  about  the  ear  and  chin.  Smaller 
turaors  are  found,  more  rarely,  on  the  arms  (N^kam),  especially  the 
elbows,  the  hacks  of  the  hands  and  fingers,  and  on  the  legs  (knee).  The 
tumors  grow  slowly  but  continually,  and  show^  little  inclioation  toward 
breaking  down  (Kreibich,  Pinkus). 

A  third  variety  of  skin  affe<*ti<m  is  known  under  the  name  fi/mphcH 
derviia  perniciosa  (Erythrodermie  mycosique  oi*  the  French).  It  begins 
88  a  peculiar,  intensely  itchy  sensation,  accompanied  usually  by  universal 
redness  and  swelling  cjf  the  skin,  to  which,  after  a  longer  or  shorter 
time,  the  general  symptoms  of  lymphatic  leukemia  are  added.  After 
this  has  existed  for  years,  tumors  like  thase  previously  dascribed  often 
develop  in  the  skin,  especially  of  the  face,  giving  it  a  leonine  app^r- 
ance  (Kai)osi), 

Myixisis  fungoides  is  not  a  chanictertstic  of  lymphatic  leukemia, 
ahliough  its  French  namCp  lymphad^nie  cutan€e,  was  given  l>y  Kanvier 
on  the  supposition  that  it  was  a  sort  of  [pseudoleukemia  of  the  skin.  This 
supposition  proved  to  he  unwarranted. 
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[N^kAni  ^  disni.ssL^s  leukeniia  of  the  skio  niid  tlisdnguishei*  2  gruup8 
of  case^  ;  tht*  first  being  discs  in  which  the  circiihition  of  the  s^kio  is 
distnrl>ed ;  and^  i?t5<*ond,  the  cases  of  true  leukemic  dis<^se  of  the  skin, 
causing  the  furni;jtion  of  nodtdar  masses.  Id  the  latter  group,  a  diag- 
nosis ninsi  he  made  from  cases  ui'  tunioi^  uf  the  skin  with  leukoejtosisL 
The  lymphuderniia  jHTiiiciosa  of  Kaposi  he  regartJs  as  a  myeusis  and 
distinguishahle  from  true  leukemia. 

Of  the  4  cases  of  skin  Iciiioiis  in  association  with  leukemia  reported 
by  the  author,  1  he  regards  as  a  true  leukemia  of  the  skin.  It  was 
found  in  a  woman  aged  forty-one,  who  suffered  from  an  eruption  of 
soft  n(3<lules  in  the  forearm.  Tliese  became  redilenetl  ajid  subsequently 
quite  dark  red  from  rubbing,  and  there  was  sometimes  marked  itching. 
Later,  other  parts  of  the  body  were  involved.  In  addition  there  was 
diffuse  bn)wnish  pigmentation  of  the  skin  and  punctiform  hemorrhages 
appeare<L  The  lymphatic  glands  were  enlarg«xl  and  the  bonnes  became 
painful  on  fiercussion.  The  numl>er  of  white  corpuscles  was  as  1  ;3.5 
of  the  re<l ;  and  of  the  white  96  jier  cent,  were  lymphocytes. 

Oertel,"  in  disciiasing  the  same  subject,  states  that  there  are  3  kinds 
of  cases.  In  the  first  tliere  are  small  nodules,  of  pale  or  reddish  cc»Ior, 
scattered  over  tlie  l»ody  ;  in  the  second,  a  few  solitary,  lobulated  nodules  ; 
and  in  the  third,  more  diffuse,  moist  and  eczematous  lesions  or  ulcerat- 
ing tumor-like  elevations.  He  rejwrts  1  case  in  a  woman  of  fort\',  who 
had  been  ill  for  twu  years  :  The  spleen  was  considerably  enlarged,  but  this 
had  been  regarded  as  malarial.  Some  time  before  death^  nodules  appeared 
in  the  skin  of  the  chest  and  arms,  and  then  elsewhere.  Examination 
of  the  blood  shcjwed  enormous  leukocytosis  with  myelocytes  and  eosino* 
philes.  The  patient  passed  out  of  observation,  but  after  death  an 
autopsy  was  obtained  and  sections  of  the  skin  showed  a  dense  small-oell 
infiltration,  most  of  the  cells  being  lymphocytes  in  the  lower  part  of 
the  cutis.  No  myelocytes  could  be  identified  and  only  an  occasional 
plasma  cell  appeared. 

Pinkus  ^  also  refers  to  this  subject  and  reports  3  eases,  all  in  fiersons 
of  a<lvance<l  years  and  having  the  sympti*ms  and  blood-conditions  of 
lymphatic  leukemia.  The  author  points  out  that  the  same  microsoopic 
features  may  occur  in  pseudoleukemia  as  are  found  in  lymphatic  leu- 
kemia, and  that  there  may  be  in  the  blood  a  gradual  transition  from 
one  to  the  *)ther  disease.  He  distinguishes  three  classes  of  tumors  of 
the  skin  associatt^l  with  lymphemia  :  (1)  Lymphatic  tumors;  (2)  mm- 
bi nation  of  sarcoma  of  the  skin  with   lymphatic  leukemia ;   and  (3) 

*  MonaUht^./.  ProXt,  Dfrmato!.,  1899,  IL         *  Jtntr,  o/  Exper,MttL,  1899,  ToL  ir. 
UrcAit,/  Dermatdu^SsFph.,  1899,  toL  L 
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combinations  of  mycoses  resembling  mycoses  tungoides  and  lympliatic 

Iciikomia. 

In  a  case  of  acute  leukemia  under  the  edit<>r's  observatit^n  there 
was  a  general  eruption  of  white  and  r^^ddls^h  nodules,  which  appeared  in 
the  sktu  a  ^hort  time  before  tieath,  and  ct»!upletely  vaiii.shed  during  the 
last  twenty -four  hours  (jf  lite.  No  histf»h)gie  leijions  could  be  discoveretl 
in  the  skin  jK>gt  mortem.  The  changes  were  attributed  to  circulatory 
c^mdi  tions. — ^Ed.] 

Ilemorrhage^j  fr«jm  the  skin  are  not  frecjuent.  They  CK?cur  princi- 
pally during  an  acute  exacerbation^  gneh  a.^  is  not  rarely  observed 
toward  the  end  of  life.  Edema  arii^^s  over  all  [Kirt.s  of  the  body, 
as  a  result  of  pressure  of  the  lymphomata  on  the  veins  and  the  lymph 
vessels. 

On  account  of  the  development  of  lyraphonaata  in  various  glands 
of  the  face,  a  peculiar  appearance  is  produced,  verj^  similar  to  that  first 
descri!)cd  by  Mikulicz  under  the  name  of  symmetric- tumor  formation 
of  the  lacrimal  and  salivary  glands.  Tu  a  certain  extentj  it  simulates 
in  its  clinical  aspect  the  picture  which  we  described  in  Chloroma  (Tietz, 
Kumrnel). 

The  cases  of  this  kind  occurring  in  the  course  of  leukemia  seem  to 
he  extremely  rare*  True  tumors  arise  in  the  lacrimalj  parotid  and  sub- 
maxillary glands,  but  only  in  association  with  lymphomata  that  have 
arisen  outside  the  glands  in  the  connective  tiRsue. 

Combinations  of  sarcoma  with  lymphatic  leukemia  have  been  wca- 
sionally  descril>c(l.  In  some  of  the  cases  we  have  to  do  with  spimlle- 
cell  sarcf>ma.  The  frequently  describetl  cnmbi nations  of  leukemia 
with  round-cell  sarcoma  are  o|ieu  to  the  nbjc<'tioo  of  v*  Bauragar- 
ten,  who  demoustmted  tliat  the  sarcnma-like  pictures  in  pseudoleu- 
kemia are  to  l>e  considered  simply  as  pw^udoleukemic  formations.  It 
would  he  difficult  to  prove  that  a  ruund-cell  tumor  iu  a  case  of 
lymphatic  leukemia  was  a  round-oell  sarcoma  and  not  a  leukemic 
depiisit. 

[Turk'  records  a  case  of  acute  leukemia  with  lymphosarconmtous 
lesions.  The  jiatieut  was  a  man  of  ftirty-one,  who  cnm plained  of  pains 
in  the  limbs,  followeil  by  general  weakness  and  further  variable  symp- 
toms. Moderate*  enlargement  of  the  spleen  was  found  in  the  l)cginning, 
and  later  the  spleen  and  liver  incrmsecl  greatly*  The  white  c^iqnjscles 
numberetl  65,800,  of  which  55  per  cent>  w^re  lymphocytes  uf  unusual 
size  and  with  a  striking  number  of  fat-<lrnplets.  Normoblasts  were 
coDspicuouB,  Ijater,  the  leukocytes  increased  still  more  and  there 
>  MittheiL  <L  QadUckf,  inntre  Me<l.  in  Wioi.  11.9,  p.  88,  1903. 
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were  70  per  cent,  of  giaot  lymphocytes.  The  autopsy  showed  lympho- 
sarc4jraa  of  the  stomach,  intestines,  kidney,  bladder,  prostate,  j>elvic 
tissues,  panrreas,  heart,  and  pleura.  The  spleen,  marrow,  and  the  mod- 
erately enlarged  lymphatic  glands  showed  the  histologic  appeaniQ06S 
seen  in  acute  leukemia, 

Strauss  '  records  a  case  of  sarcomatosis  with  lymphatic  leukemia. 
The  preparations  from  his  case  had  been  previously  described  by  Vir- 
chow  aud  pul>lishetl  iu  the  BcrihL  kiln,  Woch,,  1898,  No.  27-  The 
leukocytes  in  thi.s  case  numbered  32,000  to  65,000,  of  which  90  per 
cent,  were  mononuclear  ;  the  great  majority  of  these  being  small  lymphi>- 
cytes. 

EwiHg'  reform  to  a  ease  of  lymphatic  leukemia  in  which  he  found 
endothelioma  of  the  glands, — Ed,] 

Albuminuria  and  casts  in  the  urine  as  signs  of  TiepkrUis  are  not 
common.  Acute  hemorrhagic  nephritis  occasionally  occurs  during  the 
acute  termination  of  a  chninic  leukemia. 

The  liver  is  frequently  enlargetl.  Nevertheless,  only  the  ver>' 
marked  enlargements  give  rise  to  subjective  symptoms  (uitense  paio 
from  a  complicating  perihepatitis  (Hall). 

Diseases  of  the  vascillat  system  phiy  an  imjxjrtant  though  not 
as  couspicuous  a  r6le  as  in  acute  leukemia*  The  brown  degeneration 
of  the  heart,  almost  constantly  present,  gives  rise  to  no  prominent  sym{>- 
tonj,  and  the  cardiac  action  itself  presents  no  peculiarities  apart  from 
the  rare  cases  of  emlocanJitis,  aiui  these  frecjuently  are  discovered  only 
post  mortem.  Disease  of  the  peripheral  vessels  is  correspondingly  fre- 
quent. Its  results  are  noticeable  in  hemorrliages  into  all  the  organs, 
though  the  hemorrhages  of  chronic  lymphatic  leukemia  are  by  no  means 
so  characteristic  of  the  disease  picture  as  those  of  acute  lymphatic 
leukemia.  They  seem  to  be  especially  frequent  in  the  terminal  stages, 
when  the  disease  has  taken  on  a  more  rapid  course  and  the  blood  shows 
the  signs  of  a  marked  increase  in  lymphf»cytes.  The  distribution  of 
the  hemorrhages  is  differentiated  in  no  way  from  that  in  acute  leu- 
kemia. Apart  from  the  ortliiiury  locations  (mentioned  under  Acute  I^eu- 
kemia),  several  spi^cial  cases  have  been  <lescribetl ;  for  example,  hemor- 
rhage from  the  iris  and  ciliary  body  int^i  the  anterior  chaml>er  (Sorger), 
fatal  hemorrhage  into  the  abtlominal  cavity  following  rupture  of  one 
of  the  internal  organs  (rupture  of  the  suprarenal  capsule  has  been 
reported  several  times  (Fleischer  and  Pcntzoldt). 

Disease  of  the  nervous  system  is  infrequent  in  chronic  leukemia. 
It  consists  partly  in  a  lymphomatous  development  about  and  in  tlie 
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peripheral  nerves,  though  more  frequently  in  d^eneration  of  the  nerve 
fibers  with  or  without  preceding  hemorrhage. 

Paralysis  of  individual  nerves  and  nerve  groups  are  thus  produced. 
The  lesions  occur  in  the  spinal  nerves  (crural,  sciatic),  though  more 
commonly  in  the  upper  part  of  the  medulla  oblongata  and  the  cerebral 
nerves.  Consequently,  we  find  bulbar  conditions  with  facial  paralysis, 
anesthesia  of  the  skin  of  the  face,  loss  of  taste,  dysphagia,  disturbances 
resembling  M6ni^re's  disease,  difficulty  of  hearing  even  to  deafness,  and 
derangements  of  sight  even  to  blindness. 

The  changes  in  the  ear  are  oflen  associated  with  the  lesions  of  an 
old  otitis,  at  the  site  of  which  the  leukemia  alterations  occur  in  the 
shape  of  old  or  recent  connective-tissue  formation  or  organized  remains 
of  hemorrhages  (Politzer,  Gradenigo,  Kummel).  Still,  the  disturbances  of 
hearing  appear  to  be  produced  more  frequently  by  leukemic  infiltrations 
and  hemorrhages  into  a  completely  healthy  ear  (Schwabach).  Occasion- 
ally they  are  brought  about  by  central  disease  (degeneration  in  the 
medulla  oblongata,  Kast)  or  by  disease  of  the  auditory  nerve  itself. 

The  ocular  symptoms  are  much  more  frequent,  yet  by  no  means 
so  constant  as  in  acute  leukemia.  Genuine  lymphomata  are  extremely 
rare.  They  are  observed  most  commonly  on  the  conjunctiva  and  also 
occasionally  on  the  iris.  Hemorrhages,  on  the  contrary,  from  the  con- 
junctiva, iris,  and  ciliary  body,  as  well  as  into  the  eyeball  and  its 
posterior  wall,  are  frequent.  The  retinitis  leuksemica,  shown  by  the 
ophthalmoscope  as  white  specks,  infiltration  of  the  vessels  and  hemor- 
rhages, is  especially  characteristic. 

As  in  the  case  of  the  ear,  derangement  of  vision  may  be  referable 
either  to  alterations  in  the  eye  itself  or  to  lesions  in  the  optic-nerve 
degeneration  following  lymphomatous  infiltration  or  hemorrhage  or  in 
the  more  distant  nervous  apparatus  (compression  of  the  sympathetic 
(Chvoetek).  

In  the  course  of  the  disease,  weakness  and  emaciation  set  in,  though 
they  reach  a  high  grade  only  in  very  protracted  cases,  and  usually  are 
not  marked,  even  during  complications  at  the  termination  of  the  disease. 
The  metabolism  shows  no  abnormality  other  than  would  be  produced 
by  the  existing  anemia.  In  acute  exacerbations  the  tissue  destruction 
(as  judged  from  its  products)  approaches  that  seen  in  acute  leukemia. 

The  occurrence  of  the  so-called  Bence^ones^  body  in  the  urine  has 
been  reported  in  1  case  by  Askanazy.  This  is  an  albumose  which 
stands  in  close  relation  to  the  lymphadenoid  alteration  of  the  bone- 
marrow. 
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It  is  precipitated  by  warming  the  urine  and  is  du38olved  by  further  heat- 
ing. The  precipitation  tieg-ios  at  about  50"^  C,  and  is  raost  miiike<l  at  atiout 
60**  C\  While  eooling  (atler  overheaiing)  the  preeipitate  again  ap[*eara. 
The  precipitate  produced  by  acids  or  by  a  mixture  of  acetic  acid  and  ^M>taa- 
siura  ferrocyanid  is  dissolved  in  the  same  way  by  heatiug.  The  urine  giveft 
the  biuret  reaction.  The  ah*oholic  precipitate  dissolves  in  water.  In  Askflr 
nazy^s  case  not  only  the  urine,  bnt  the  watery  extract  of  the  spinal  marrow, 
gave  the  reactions  for  this  body,  though  the  other  lyiuphatie  tumors  did  not 

The  fever  is  to  be  regarded  as  belonging  to  leukemia  only  during 
the  acute  exacerbations,  and  otherwise  must  be  c*jnsidered  the  result  of 
a  cona plication. 

One  of  the  most  frequent,  earliest,  and  most  important  symptoms  is 
dyspnea,  the  causes  of  which  may  vary.  Virchow  attribute  it  to 
the  respiratory  incapacity  of  the  blood.  More  frequently,  especially  in 
incipient  cases,  the  cause  may  lie  in  the  mechanic  obstruction  to  tbe 
entrance  of  air  and  blood  to  the  lungs.  This  obstniction  is  producsed 
by  the  pressure  of  a  lymphoma  on  the  large  Idocxl-vessels,  tracbea, 
bronchi,  or  the  lung  itself  (Trousseau),  and  may  represent  a  very  early 
symptom.  More  rarely  the  dyspnea  is  produced  by  lymphoma  tons 
tumors  in  tlie  walls  of  the  respiratory  tract  (in  the  mouth,  ooee,  lan''nx, 
trachea,  bronchi — Virchow),  and  under  these  circumstances  has  several 
times  necessitated  a  tracheotomy  on  account  of  the  danger  of  suffocation, 
This  condition  never  occurs  except  within  a  few  days  of  death,  and  the 
operation  prolongs  life  but  a  short  time  {Epstein,  Mager). 

Course, — For  a  long  time  (Ehrlich-Df*rpat)  we  have  differentiated 
in  the  course  of  chronic  leukemia  a  stage  of  jjrodromes  and  develop- 
ment and  a  stage  of  outspoken  cachexia.  Tliough  a  very  useful  division, 
it  offers  no  sharply  defintn]  time- period  on  aot^junt  of  the  regularly  pro- 
gressive character  of  the  disease.  Sometimes  llie  peri<xl  of  development 
is  very  protracted  ;  in  fact,  lymph-gland  tumors*  present  for  years  and 
growing  slowly,  may  sometimes  represent  the  Ijcginning  of  the  dis«i9e» 
which  is  recognized  only  in  a  much  later  stage.  As  a  rule,  the  spread 
of  the  lymphomata  advances  slowly,  and  the  transition  to  the  cachectic 
fitage  which  terminates  in  death,  from  mechanic  obstruction  (suffoca- 
tion) or  prostration,  is  un noticeable.  Yet,  not  rarely,  the  trangition 
from  an  apparently  harmless  enlargement  of  the  lymph  glands  to  a 
general  leukemic  lymphomatosis  takes  place  suddenly,  with  an  explo- 
sive-like eruption  of  lymphatic  tumors  over  the  entire  body,  followed 
by  a  normally  h»ng,  chronic  course  ( Birch -Hirschfeld). 

In  the  further  course,  which,  so  far  as  we  know  from  the  cases  care- 
fully observed,  invariably  terminates  in  death,  two  varieties  are  to  be 
differentiated  : 
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(a)  Death  occurs  at  the  end  of  a  protracted  course  as  a  natural  result 
of  tlie  cachexia  or  through  an  anatomic  hindrance  to  life.  Yet  it  h  not 
Dec^etiiSJiry  that  the  case  run  uninterruptetlly  to  death.  Qnitc  coui^ider- 
able  remissions  in  the  general  clinical  symptoms — in  fact,  even  ocxjasional 
improvement  of  the  blood- picl Tire— are  not  rare.  Moreover,  apparent 
iDtermissions,  sometimes  lasting  montlis,  have  licen  descrilvcd  in  which 
complete  enplioria  retume<l  uml  the  swelling  of  the  lymphatic  structures 
retrograded.  True,  the  bltHxl  continues  to  show,  at  least  in  aU  the 
cai^es  submitted  to  our  modern  tcchnie,  a  consideralilc  increase  in 
lymphiicytes.  In  the  few  eases  Siiid  to  have  terminated  in  reiK>very, 
the  farther  course  is  not  sufficiently  known. 

Premature  drath  thr«3ugh  intercurrent  disease  arising  on  the  soil 
prepared  by  the  underlying  ]»roe^**s  is  not  at  a!!  rare.  Among  such  we 
must  mention  the  fatally-terminating  pneumonias  and^  as  a  relatively 
unc<>mmou  complication,  tuberculosis. 

Death  is  likewise  t<*  be  considered  premature  in  the  cases  in  which 
pressure  of  the  glands  or  other  lymphatic  tumors  hinders  the  function 
of  vital  organs.  This  is  frequently  l>rought  about  by  the  pressure  of 
large  mediastinal  or  other  tunmrs  in  the  region  of  the  head  and  neck, 
causing  dyspnea  by  compression  of  the  trachea  or  obstruction  of  the 
mouth  and  nose,  inter ierence  with  tlie  circulation  of  the  head  and  the 
upper  half  of  the  body  by  compression  of  the  large  vessels  of  the  chest, 
or  prevention  of  nourishment  by  ol>structii>n  of  the  esophagus. 

(h)  Desiih  occMTS  after  an  acute  exacerbatiou  of  the  process.  The 
slow  process,  then  (as  id  pseudoleukemia  cases),  gives  way  shortly 
before  death  ta  an  acute,  often  febrile  stage,  wliich  terminates  fatally  in 
several  weeks  or  even  days,  and  presents  exactly  the  same  symptom- 
oomplex  as  we  sjiw  in  acute  leukeiuia. 

PATHOLCXJIC  ANATOMY- 


MACROSCOPrC  FINDING. 

The  pathologic  anatomy  of  chronic  lymphatic  leukemia  is  exceed* 
ingly  simple  and  to  a  certain  extent  schematic  in  its  representation. 
The  picture  is  predominated  by  the  new  formation  of  lymphatic  tissue, 
to  which  are  added  moderate  organic  changes  of  a  degenerative  naturei 
brought  about  secondarily  by  pressure  and  interference  with  nourish- 
ment. The  most  striking  alterations  are  found,  as  a  rule,  in  the  lymph 
glands,  especially  of  the  trunk  (neck  and  axilla,  chest  and  aMomen). 
Following  these,  we  have  the  alterations  in  the  spleen  and  bone-marrow 
and  the  accumulations  of  adenoid  tissue  in  other  oi^o8|  especially  the 
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liver.  The  participation  of  the  lymph  etructures  of  the  gastro-intestinal 
tract  and  the  mouth  U  usually  noticeably  slight  and  so  unusual  that, 
when  it  occurs  to  any  markeil  degree,  the  cases  are  considered  excep- 
tions and  are  categorized  under  the  name  gastro^intestinal  form  of  leu- 
kemia (B^^iier). 

Nevertheless,  small  accumulations  of  lymphadenotd  tissue  eeem  to 
be  much  more  widespread  than  the  nake<l-eye  appearance  would  indi- 
cate ;  for  everywhere,  in  apparently  normal  organs,  cxjllectiotis  of 
lymphocytes  of  sometimes  not  inconsiderable  size  are  frequently  found 
microscopically* 

The  localization  and  distribution  of  the  enlarged  l3niiph  glands 
conforms  to  no  rule  so  far  recognized,  although  it  is  probable  that  the 
point  of  entrance  of  the  excitant  or  its  greatest  concentration  corre- 
sponds with  the  greatest  enlargement  The  glands  in  the  P^on  of  the 
neck  and  head  are  most  frequently  enlarged,  Thfa  is  the  case  in  typic 
leukemia  showing  a  marked  lympliocytosis,  and  murh  more  so  in  j>seu- 
doleukemia,  in  which  the  immense  enlargement  of  the  glands  Vn^tween 
the  ear  and  the  thorax  is  almost  characteristia 

In  cases  showing  a  high-grade  lymphocytosis  in  the  blood  the 
glands  are  usually  sol\ — often  almost  to  the  pfjint  of  fluctuation — have 
a  clear  yellowish -gray  appearance^  and  are  bound  together  only  by  loose 
connective  tissue  which  is  readily  broken.  Their  form  is  oval  or  ellip- 
soid ;  and  they  are  usually  flattened  out,  though  sometime  only  on 
one  side,  depen<liiig  ou  their  position  and  the  pressure  exercised  by  the 
surrounding  tissue.  Their  interior  consists  of  a  soft  reddish-gray  or 
sometimes  whitish-yellow  mass,  provided  no  secondary  changes^  like 
hemorrhages,  have  occurred.  The  cut  section  is  lusterless,  wells  over 
the  borders,  hollowing  out  in  the  middle,  and  gives  a  readily  scraped* 
off  grayish-cloudy  juice  which  sometimes  flows  in  drops.  In  the  pure 
sofl  variety  no  stroma  is  to  be  seen.  As  in  the  acute  form,  though 
much  more  rarely,  hemorrhages  are  found  in  the  sliapK*  of  red  spots  and 
streaks  when  the  foci  are  recent,  of  brownish-red  to  black-brown  spota 
when  old. 

The  glands  are  less  commonly  firm,  even  to  hardness.  This  variety 
of  swelling  is  more  frequent  in  pseudoleukemia,  tmder  which  it  will  be 
further  discussed- 
Spleen, — The  spleen  is,  as  a  nile,  enlarged.  There  is  apparently 
no  simple  relation  between  the  blood-finding  and  the  size  of  the  splenio 
tumor,  though  the  general  rule  holds  that  leukemias  with  a  marked 
alteration  of  the  blood  are  frequently  a^ociated  with  moderate-^ized 
tumors,  while  the  largest  ones  are  found  in  pseudoleukemie  casea.     As 
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in  the  lymph  glauds,  so  also  in  the  spleen,  a  soft  and  a  hard  variety  are 

to  hv  tliHiTt'otiuted.  lu  both  we  frequently  find  pcrisplcoic  changes 
when  the  cupsule  appears  dull  white  and  stjinetinies  irregularly  thick- 
ened and  harden c?d. 

On  section,  the  soft  form  Is  yellowish  rctl  to  brownish  red,  quite 
jelly-iike  in  characterj  and  sometimes  shows  the  follieles  emphasized 
when  they  appear  nw  grayish  or  reddish-yellow  points,  enlarged  in  com- 
parison with  the  normal.  More  fref|uently,  however,  a  sharp  limita- 
tion of  the  folhcidar  region  from  its  surrounding  is  impossible  on 
account  of  the  splenic  tissue  being  riddled  with  waslieil-out  follicles 
occurring  as  sfKicks  and  streaks,  and  this  diffuse  spreading  appears  even 
more  evidently  under  the  micn>scope.  Hemorrhages  aroimd  a  central 
white  focus  are  nt>t  rare.  We  frequently  find  larger,  clear,  firm  nodules 
with  a  dark-red  halo,  consisting  for  the  most  part  of  thick  accimiula* 
lions  of  lymphocytes. 

All  transitions  between  the  soft  and  hard  forms  are  seen.  In  ex- 
treme cases  tlie  splt^n  grates  under  the  knife,  and  no  impression  can 
be  maele  with  the  finger  on  the  cut  surface.  The  parenchyma  is  either 
uniformly  brownish  red,  without  distinct  follicles,  but  with  a  fatty  luster 
on  the  hard  cartilage-like  cut  surface,  iuterrupted  only  by  the  cross- 
gections  of  the  ves,sels  with  thickened  walls,  or  the  brown isli- red  cut 
surlace  is  riddled  with  yellowish  or  whitish  specks  and  streaks,  repre- 
ating  enlargeil  follieles  or  circum vascular  collections  of  round  cells. 

When,  through  secondary  causes,  a  rapid  increase  in  the  splenic 
tumor  takes  jilace,  the  appearance  of  the  organ  changes.  This  is  fre- 
quently the  result  of  secondary  infection  or  of  profuse  diarrhea  suh 
jinem  ei^<r,  and  has  been  attributed,  whether  justifiably  or  not,  to  the 
effect  of  the  therapy*  At  any  rate,  by  the  simple  washing  out  of  the 
lymphocytes,  the  spleen  becomes  rapidly  smaller  and  presents  again  an 
entirely  normal  appearance  and  consistence. 

Areas  of  softening  are  rare  aotl  are  always  to  l^e  attributed  to  infec- 
tious dejiosits  shortly  before  death.  They  are  represented  by  al>scesses 
consisting  of  the  ordinary  poly  nuclear  pus-corpui^cles. 

In  addition  to  the  small  hemorrhages  previously  mentioned,  large 
infarcts  occur,  which  are  sometimes  o(  sufficient  size  to  be  discovered 
during  life  (Litten). 

Bone-tnarrow. — Pathologic  changes  in  the  bone-marrow  are  more 
frequent  than  in  the  sjilern.  A  large  nundicr,  esi>ecially  of  the  recent 
writers,  attribute  such  importance  to  the  lymphatic  metamorphosis  of 
the  marrow  of  the  long  bones  that  they  make  the  diagnosis  of  obscure 
cases  dependent  on  it,  and,  following  Neumann,  they  even  lay  the 
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origin  of  every  leukemia,  whether  njyelogeiious  or  lymphatic,  to  the 
bone-marrow.  Though  this  tlieory  won  hi  .simplify  the  pathogenesis  of 
leukemia,  it  can  tKyircely  be  proved,  as  we  will  see  in  the  discussioD  of 
the  histogenesis,  and,  for  other  reasons  previously  mentione*!,  it  is  not 
to  he  considered.  The  ini|x»rtaot  fact,  sttited  hy  Neumann  with  special 
emphasis,  in  regard  to  the  exclusive  discuKe  of  the  bone-niam>w  ia 
leukemia  is  applicable  particularly  {as  Walz  insists)  to  acute  leukemia. 
The  hist<.»ry  of  Neumann's  case,  which  seems  to  have  been  an  eJccx?ptiou, 
of  Bi\)wdowski's  and,  possibly,  of  Waldeyer's,  or  of  any  recent  case 
(for  instance,  Papi)enheim's)  is  ui>t  sufficiently  known  to  pa.ss  a  verdict 
on  the  duration  of  the  leukemia  before  the  beginning  of  observation* 
Moreover,  in  chronic  leukemia  we  have  seen  the  swelling  of  the  spleen 
and  glands  tlisappear ;  conserjucntly  we  have  no  reason  to  suppose  that 
the  same  mechanism  enuld  uc»t  produce  such  a  rapid  discharge  of  newly- 
formed  cells  that  any  grass  swelling  would  be  prevented  from  the 
begiuning  (see  p.  *)G4).  Further,  that  t*nly  the  bone-marrow  should  be 
found  decideilly  abnormal  in  these  eases  is  not  so  striking.  In  lym* 
phatic  leukemia  we  see  all  the  l>lootl*maki ng  organs  transformed  inta 
man  Olfactories  for  lymphocytes.  This  transformation  in  tlie  general 
lymphatic  apparatus  is  only  cme  of  decree  ;  in  other  words,  is  scarcely 
more  than  a  simple  hyjK^r|ilasia  (true,  more  evidently  s«_>  in  the  lymph 
glands  than  in  the  spleen),  at)  iot-ernal  metamorphosis  recognizable  in 
the  lymph  glands  hy  obi  iteration  of  the  tlifFcrcnce  between  the  prolifer* 
ating  central  and  the  (^uiesccjit  marginal  zone  (st»e  pp.  564,  601).  In 
the  boue-marrow,  however,  the  lymphadcnoid  hyixrplasia  repref^ents  the 
development  of  a  tissue,  which  ordinarily  stands  in  the  background — 
it  represents,  in  fact,  the  development  of  an  cutirt^ly  new  tissue,  and  so 
it  is  readily  recognized.  The  scK"^>nd  argument  for  the  importance  of 
the  bone-marrow^ — namely,  that  it  is  invariably  alFected,  is  not  objec- 
tionless,  since  isolated  cases  (especially  that  of  Fleischer  and  Pentzoldt) 
are  known  in  which  no  abnormality  was  found  and  the  positive  findingSp 
though  numerous,  are  not  yet  convincing.  True,  these  negative  cases 
were  not  subjected  to  all  the  demands  of  our  modern  technic,  and  it  is 
possible  that  on  a  more  careful  examination  abnormalities  would  have 
been  found. 

[Rosenfeld '  reports  Z  cases  of  chronic  lymphatic  leukemia,  and 
believes  that  the  disease  was  primary  in  the  lymphatic  glands,  with 
secondary  metastasis  to  various  organs  in  1  of  his  cases.  He  thinks 
the  evidence  is  against  a  primary  myelogenous  origin  of  lymphatic  leu- 
kemia, and  that  the  bone-marrow  was  certainly  secondarily  involved  in 
'  ZeiL/.  kUn.  Med.,  M.  xliL,  b.  I  and  2. 
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2  of  his  caseii.  His  geiienil  view  of  leiikemiLi  is  tliiit  it  h  a  wide- 
spread lyraphosarcooiato8is  witli  varying  symptoms,  afctiixling  to  the 
parts  atfected.  The  morphologic  distinction  M"  lymphemia  aud  my  el- 
em  Ja  must  be  accepte<J  only  up  to  a  certiuii  point.  The  large  lympho- 
cyt4^s  in  Fninkers  aeute  ra.«es  would  have  been  attributed  to  the  bone- 
marrow,  aeeorJing  to  the  nior[>hologic  methoil  td*  study.^El).] 

The  bone-marrow  in  iympliatie  leukemia  presents  a  picture  which 
Neumann  has  desrrilted  so  tlioroughly  under  the  name  of  lyTuphadenoid 
transforniation  that  we  eau  ufit  do  better  than   repeat  Ids  own  words  : 

**  The  color  fluctuate?^  Ijetween  red  and  gray  in  the  most  varyiog 
transitions  and  combinations.  The  consistence  is  sometimes  soft  like 
jelly,  uguiu  quite  hard  like  a  suecfdent  lymph  glantl.  The  tissue  is 
held  tiigether  much  more  firmly  than  in  the  pre v ions  ca>Jes  (tliat  is,  of 
*  pyoid '  metamorphosis  in  myeli}geDic  leukemia),  so  that  I  foimd  the 
marrow  easier  to  harden  in  chromic  acid  and  alcohol,  and  easier  to 
bring  into  a  suitable  state  ft>r  cutting  microscopic  sections  than  under 
the  ordiuar>'  pathologic  and  normal  eontlitions.  There  was,  conse- 
quently, no  difficulty  in  convincing  ourselves  that  we  had  to  do  with  a 
tissue  which  reseml>le<l  closely  the  adenoid  or  retieuhir  tissue  (»f  lymph 
glands.  Lymphoid  cells,  usually  of  the  small  variety,  so  far  as  i>ur 
observations  extended,  lay  thickly  massed  iu  the  meshes  of  a  fairly 
thick  irregular  reticulum,  which  contained  numerous  oval,  clear  nuclei 
providc<l  with  nucle<ili,  and  these  imclei  were  distingiiisheil  from  those 
of  the  lymph  corpusch's  l>y  their  greater  size  and  lusterlessness.  The 
vascular  ap|>aratus,  so  far  as  coidd  Ijc  seen  without  injection,  showed 
CTipilhiries  of  a  smaller  diameter  tlian  in  the  oi-dinary  re<t  marrow. 
Their  walls  were  occupied  by  tlie  same  large  oval,  clear  nuclei  as  were 
found  in  the  reticulum,  and  were  bound  to  the  latter  by  fasciculi  which 
were  inserted  sometimes  into  the  nuclear  poitions  of  the  vessels  and 
again  passed  over  into  fine  anuclcar  threatl-like  pndongations  of  the 
vessel  walL" 

In  general,  a  red  to  dark-red  color  prevails  in  the  marrow  of  the 
tubular  bones.  It  is  reaflily  translucent,  of  a  p?hitinMUS  txmsistence, 
and  is  appropriately  described  by  the  term  raspberry-jelly-like. 

The  marrow  of  the  short  and  flat  bones  is  usually  unaltered  to  the 
naked  eye,  though  it  sometimes  inclines  to  a  brick-HMl  or  bmwn  colon 

The  marrow  spaces  are  usually,  even  if  f>ften  only  slightly,  distended* 
The  cortex  of  the  bones  is  riddled  iu  places  by  dilated  canals,  from 
which  the  marn>w  seemingly  wells  out  and  produces  nodular  masses 
between  the  periosteum  anil  the  hone.  Whether  the  condition  of  osteo- 
sclerosis, which  has  been  describcnl  rarely  in  myeloid  leukemia  (Henck) 
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and  in  some  lymphatic  hyperplasias  of  the  bone-marrow  (multiple 
myelomata  [Kahler,  Hammer,  v.  Bauragitrten],  lymphosarconiatogis 
[Turck] ),  occurs  also  in  lymphatic  leukemia,  is  not  known. 

In  addition  to  these  three  organs  (lymph  glands^  ypleen,  and  bone- 
marrow),  [lartieularly  known  a.s  lympiicx*ytc  builders?,  metastatic  aocu- 
niulatious  are  found  in  almost  all  the  organs.  These  so-called  metastaaed 
are  not  the  result  of  the  deposition  of  displace  parts  of  tumoi^,  as 
are  the  metastases  oi'  malignant  tumors ;  in  fact,  this  designation  has 
been  adopted  merely  on  account  of  its  readiness  and  easy  intelligi- 
bility. 

I^iver,^ — Siich  scattered  lymphomata  are  almost  constantly  present 
in  the  liver  as  very  small  to  hazel -nut^size  ntxlules  and  streaks,  usually 
yellowish  white  in  color  and  situated  on  the  surface  and  in  the  interior 
of  the  organ.  As  we  shall  see  later,  microscopic  examination  shows 
them  surrounding  the  branches  of  the  portal  vein.  Besides  th^e  lym* 
phatic  deposits,  we  find  only  slight  degenerative  changes,  as  fatty 
degeneration  of  the  marginal  parts,  and  moderate  pigmentation.  The 
whole  organ  is  frequently  enlarged,  though  usually  only  moderately, 
and  but  rarely  to  a  high  degree. 

Kidneys* — The  conditions  in  the  kidneys  are  very  similan  The 
same  whitish  nodules  and  streaks  are  seen^  made  up  of  lymphocytes 
deposited  in  the  circum vascular  connective  tissue  and  between  the 
tubules  of  the  kidney  parenchyma.  The  parenchyma  is  usually  an* 
altered  and  shows  no  signs  of  degeneration.  Inflammation  of  the 
kidney,  as  mentioned  in  the  cliniciil  part,  is  rare,  yet  acute  hemorrhagic 
nephritis  sometimes  occurs.  Uric-acid  infarcts  have  been  described 
but  seldom. 

The  tnmcotis  membranes  usually  show  slight  changes.  The 
most  frequent  of  these  is  lymphoid  enlurgement  of  the  tonsils  and, 
considerably  more  mre,  swelling  of  the  nasal  and  phar>^ngeal  macous 
membrane.  The  leukemic  collections  in  the  larynx  and  the  trachea 
occur  either  as  nodules  in  the  mucous  membrane,  which  under  the 
influence  of  tniuma  and  infection  may  ulcerate,  or  as  a  diffu^^e  rai^sed 
infiltration  of  the  fal^se  voc^I  cords  (leading  sometimes  to  obstruction 
of  the  respiratory  tract)  and  of  the  deeper  parts  of  the  larynx  and 
trachea.  They  rarely  affect  the  epiglottis  and  true  vocal  cords.  The 
leukemic  prtK^ess  in  the  larynx  is  very  frequently  complicated  by  ulcers 
in  the  region  of  the  vocal  cords,  which,  by  a  widespread  necrosis  of 
the  cartilage,  penetrate  through  to  the  pharynx  (Mager).  Hemorrhages 
have  been  ribserved  several  time?*,  edema  of  the  glottis  never. 

The  rest  of  the  respiratory  tract  shows  but  little  tendency  to 
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leukemic  lesions.  In  the  same  way  the  entire  gastro-intestinal 
tract  shows  but  slight  changes  (swelling  of  the  follicles,  necroses,  and 
olcers),  and  then  onlj  in  the  cases  which  become  acute  near  the  end 
of  life. 

Skin. — ^The  leukemic  tumors  of  the  skin  present  moderately  sharply 
circumscribed  nodules  with  a  uniform  grayish-red  to  whitish  cross-sec- 
tion, which  clearly  resembles  that  of  the  lymph  glands  in  luster  and 
color.  The  other  leukemic  changes  in  the  skin,  post  mortem,  show 
nothing  remarkable  to  the  naked  eye. 

In  the  nervous  system  lymphomata  are  observed,  especially  in 
the  peripheral  nerves.  They  occur  most  frequently  in  the  region  of  the 
cerebral  nerves ;  thus,  lymphomata  have  been  described  about  the  optic 
nerve,  causing  protrusion  of  the  bulb  (Birk),  about  the  branches  of  the 
trigeminus,  the  facial  and  acoustic  nerves.  At  these  sites  we  find  de- 
generation of  the  nerve  fibers,  partly  due  to  the  pressure  of  the 
lymphoma,  partly  to  causes  so  far  unknown. 

Lymphomata  have  practically  never  been  observed  in  the  brain  and 
spinal  cord.  Yet  isolated  areas  of  softening  and  d^eneration  have 
been  encountered,  especially  in  the  bulbar  region,  which  were  produced 
sometimes  by  the  pressure  and  the  consequent  nutritive  interference  of 
neighboring  (meningeal)  lymphomata,  again  without  known  cause. 

Lymphomata  are  more  frequent  in  the  cerebral  and  spinal  mem- 
branes. 

The  middle  and  internal  ear,  according  to  Schwabach,  are  often  the 
seat  of  lymphatic  accumulations  and  hemorrhages. 

HISTOLOGIC  FINDING. 

The  uniformity  of  the  anatomic  changes  becomes  most  apparent  under 
the  microscope.  The  fundamental  microscopic  structure  consists  at  first 
of  a  circumvascular  collection  of  lymphocytes,  which  later  takes  on  a 
tumor-like  appearance  (hyperplasia).  Under  certain  circumstances  we 
have,  too,  an  increase  in  the  connective-tissue  stroma  (sclerosis),  which 
works  against  the  lymphocytic  increase  and  may,  in  places,  lead  to  de- 
struction of  the  lymphatic  parenchyma. 

In  the  lymph  glands  we  find  greater  and  smaller  masses  of  regu- 
larly round  cells  corresponding  to  the  medullary  columns  and  cortical 
nodules,  though  usually  much  larger.  In  their  internal  structure  these 
columns  and  nodules  often  resemble  the  normal  so  closely  that  the  pro- 
liferating center  may  be  distinguished  from  the  peripheral  quiescent 
zone  (Bizzozero).  Yet,  possibly,  the  diflTerence  between  the  large-cell 
proliferating  center  and  the  small-cell  border  zone  is  more  frequently 
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obliterated,  and  we  have  one  maas  of  uniformly  small  mononucl^ 
cellsj  as  in  a  qiiieiacotit  gland  (Pinkus), 

The  cells  consist  of  a  round  nucleus  which  stainsi  intensely  with 
hematoxylin  and  bai^ic  aniliti  dyes  and  which  ooDtaina  a  number  of 
large  dark  chromatin  grannies,  connected  with  one  another  by  6ne 
chromatin  threads.  These  large  granules  are  arranged  e^pt-cially  about 
the  margin,  though  a  few  are  found  in  the  center.  The  substance  be- 
tween these  chromatin  filaments  remains  almost  un.stained.  The  nucleus 
is  usually  situated  a  little  exeentrically  in  the  small  ring  of  protoplasm 
which  represents  the  cell  body.  In  sections  hardened  in  alcohol  the 
cell  body  stains  but  feebly  with  acid  and  almost  not  at  all  with  basic 
dyes,  and  is  usually  extended  into  irregular,  jagged  proiongations  in  the 
form  of  a  star.  It  seems  Uy  consist  of  a  thick  filamentous  network. 
No  granulations  have  been  found  in  it. 

Statements  iliffer  as  t^>  the  degree  of  increase  of  these  lymphocytes. 
While  an  increase  in  mitoses  has  been  asserted  now  and  again  (Biz- 
zo2sero)j  they  are  frequently  tbund  wanting,  possibly  as  a  result  of  the 
prill iferation  ceasing  at  the  time  of  death  (Pinkus),  It  appears  as  if 
the  assertions  in  regard  to  the  increased  formation  of  lymphcxjytes  rep- 
resented the  histologic  findings  of  intra-vitam  extir|>ateiJ  glands  rather 
than  of  glands  removed  post  mortem.  We  have  absolutely  no  ground 
at  present  for  the  assumption  that  when  no  mitoses  are  found  the  in- 
crease of  cells  has  occur rcxi  in  an  amitotic  way. 

Apart  from  the  reticulum  and  the  vessels,  we  find  almost  nothing 
else  between  the  lymphocytes.  Polynuclear  leukocytes  are  no  more 
frequent  than  in  any  other  oon»inflameil  tissue^  and  mast  cells  are  rare, 
yet  eosinophile  cells  are  sometimes  strikingly  increased,  especially  in 
cases  of  pseudoleukemia. 

The  interstitial  connective  tissue  is  represented  in  the  soft  lympho- 
nmta  by  a  scanty  normal  tissue  which  carrier  the  nervas  aud  lymph 
and  blooil- vessels,  and  surrounds  the  lymph  sinuses.  Fn>m  this  pro- 
oee<ls  the  delicate  mesh  work  in  which  the  lymphocytes  are  imbedded. 
The  lymph  vessels,  especially  the  lai^  cortical  sinus,  are  filled  with 
lymphocytes,  isolated  polynuclciir  leukocytes,  and  large  f^ells  with  heter- 
ogenous protoplasm,  called  phagocytes,  which  apparently  serve  for  tlie 
absorjition  and  destruction  of  white  and  red  blood-corpuscles. 

Spleen, — The  stnicture  of  the  .spleen  si  mulatto  much  more  than 
normally  the  liistologic  picture  of  a  lymph  gland.  The  lymphatic  ooo- 
Btituents  are  predominant.  The  whole  organ,  which  is  normally  closely 
allied  to  the  structure  of  a  lymph  gland,  is  transformed  int<i  a  conglom- 
erate lymphadenoid  mass.     It  is  made  up  of  larger  and  smaller  aocu* 


CHRONIC  LTMFHATIC  LEUKEMIA, 


603 


nmlations  of  lymphocytes,  between  which  lie  the  stroma,  the  vessels, 
and  the  sinii^ies  of  the  spleen.  This  iiiterstitiiil  tissue  is  i^earcely  in- 
creased above  the  normal,  andj  therefort^,  in  comparison  with  hyiier- 
plastic  lymphoid  pulp,  apjiears  decidedly  in  arreai-s. 

According  to  the  variety  of  tlie  splenic  tumor  (hani  or  soft),  the 
trabecular  connective  tissue  may  be  either  increased  or  not.  Yet  even 
in  the  hard  form  we  never  find  a  marked  increase,  since  the  lymphocytic 
pareuch}'ma  always  predominates.  The  vessels  are,  in  general,  well 
tilled  with  ldiK)d  and  show  con>idenible  niinil>ers  of  the  laro:e  corpus- 
cle-<*ontaining  culls,  to  which  we  have  previously  cidled  attention  in  the 
lymph  glands  under  the  name  of  scavenger  cells. 

Botie-inarTOW, — Among  the  constituents  of  the  bone-marrow,  all 
are  decreased  except  tlte  lympliadenoid,  which  is  normally  least  notice- 
able. This  is  increasefl  to  such  an  extent  that  the  lymphocytes  exceed 
in  nnml^er  all  other  cell  varieties.  The  parenchyma  is  com|x>sed  almost 
exclusively  of  ordinary  red  blood-corpuscles  and  lympliocytes  (see  p. 
»597).  Nucleated  red  blood-corj muscles,  otherwise  \ev\  frcqut'nt,  are  in 
outspoken  cases  almost  entirely  wanting  ;  the  advanced  stages  of  the 
neutrophile  cells  of  the  IiLkkI  and  the  giant  cells  of  the  btvne-marrow 
are  lessened  in  number.  The  lyniphocytes  filling  the  marrow  spaces 
are  exactly  tbe  same  as  those  described  in  the  lymph  glanils  and  shi^w 
a  round  granular  nucleus  witli  a  small  amount  of  protoplasm.  They 
form  a  compact  uniform  mass,  which  wells  through  all  the  o]>enings  of 
the  bonCj  overflowing,  as  it  were,  the  narrow  confines  of  the  marrow 
canal.  Thus,  large  lymphatic  nodules  are  formed  under  the  periosteum, 
and  the  canals  from  the  central  marrow  cavity  to  the  subperiosteal  space 
become  dilatt^h 

The  histologic  picture  of  lymphoraata  in  other  organs  closely  resem- 
bles that  already  described  in  the  lymph  glands.  In  the  fullicular 
organs  (mucous  membrane  of  the  mouth  ami  of  the  gastm-intcstinal 
tract)  we  often  find  obliteration  of  the  boundaries  of  the  follicles  and 
absence  of  the  proliferating  centers.  We  see  then  a  continuous  eon- 
net^tion  of  the  increstsed  reticular  tissue,  which  normally  may  be  unno- 
ticeable,  as  well  as  an  increased  numljcr  of  foci  containing  round  ct4ls 
imbedded  in  the  meshes  of  the  delicate  reticulum.  The  round-cell 
accumulations  in  atypic  localities  are  also  like  the  ordinary. 

Such  accumulations  of  lymphocytes  are  found  in  almost  all  cases  in  the 
liver,  and  somewhat  less  fi-etiuently  in  the  kidneys.  In  tliese  organs 
we  have  to  do  with  a  simple  accumulation  of  lymphocytes  lying  in  the 
well-known  reticulum  made  up  of  cells  with  large  nuclei.  In  the  liver 
they  are  locatetl  in  the  connective  tissue  which,  with  the  branches  of 
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the  {K)rfeil  vein,  t^urroiimlH  the  acinic  and  display  the  widest  diS*er6Does 
in  size — from  a  simple  inliltration  of  several  ivlls  tu  nudules  tlic  sisce 
of  a  hazel-nut.  From  the  margins  of  these  lymphomata,  diffujie  pro- 
longations extend  on  all  side^^  into  the  acini  and  between  the  columns 
of  liver  cells. 

In  the  larynx  and  trachea  the  lymphocytic  infiltration  lie^  in  the 
mucosa  and  submucosa  and,  by  predilection,  about  the  mucous  glandj^ ; 
in  the  beghming  about  the  secreting  parts ;  later  alK>ut  the  excretory 
duct  also. 

The  leukemic  tumors  of  the  skm  lie  in  the  cutis  and  in  the  upper 
part  of  the  subcutane<3us  tissue.  Moreover,  we  find  lymphatic  tissue 
not  alone  at  the  site  of  the  tumors^  but  about  them  (though  separated), 
in  the  shape  of  small  microscopic  accumulations  of  lymphocytes.  In 
fact,  oven  in  the  heahhy  skin  of  certain  parts  of  the  body  we  see  the 
same  as  a  sign  of  the  widespread  distribution  of  the  leukemic  deposits. 
This  disease  of  apparently  healthy  parts,  which  we  have  already  recognized 
in  other  organs,  especially  the  liver,  is  plainly  demf>nstnible  in  the  skin. 
The  appearances  in  this  organ  are  very  important,  for  the  reason  that 
it  is  the  only  one  in  which  an  anatomic  examination  may  be  made  with 
reatliness  during  life — in  other  words,  during  the  different  stages  of 
development  of  the  disease. 

The  leukemic  infiltration  of  the  skin  begins  with  a  circumvascular 
accumulation  of  lymphocytes.  The  deep  coils  of  the  sweat  glands 
seem  to  be  the  favorite  sites  of  origin.  From  here  the  lyraphocytio 
tumor  spreads  toward  the  subcutaneous  tissue  and  the  epidermis.  The 
infiltration  usually  remains  separated  from  the  epidermis  by  a  small 
layer  of  free  cutis^  and  only  rarely  pushes  upward  around  the  gland 
duct  to  the  epidermis.  It  penetrates  the  deeper  tissues,  the  subcutane- 
ous fat  and  the  muscuhiture  (between  the  bundles  of  which  it  termi* 
nates),  first  in  columns,  later  in  diffuse  masses.  All  the  tissues  of  the 
affected  part  are  surrounded  by  tlie  round  cells,  though  they  are  Dot 
destroyed.  The  lymph  vessels  in  the  vicinity  are  soibetimes  filled  with 
lymphocytes,  which  would  go  to  indicate  that  the  specific  cells  gain 
entrance  to  the  circulation  even  from  these  lymphomata.  Further,  if 
we  may  judge  from  the  conditions  seen,  it  would  ap|M»ar  that  in  isolated 
cases  the  skin  symptoms  preceded  the  general  lymphatic  disease-=-in 
other  words,  that  the  skin  was  the  starting-point  of  the  leukemia.  This 
observation  has  led  to  the  differentiation  of  a  cutaneous  form  of  leu- 
kemia. This  form  is  not»  however,  identical  with  the  lymphad6nie 
cutin6e  of  Ranvier-Cornil?:,  which  is  usually  a  mycosis  fungoides.  Tbe 
question  of  the  skin  as  the  starting-point  of  the  leukemia  is  of  quite  as 
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little  importance  as  that  of  the  bone-marrow  or  lymph  glands*  Since 
we  regard  lymphatic  leukemia  as  the  result  of  a  predisposition  to  growth 
of  all  the  lymphatic  tissues,  no  matter  where  situated — whether  in  pre- 
viously developed  lymphatic  oigans  or  in  the  interstitial  connective 
tissue,  and  not  as  a  disease  of  some  |>artieLilar  lymphatic  tissue  with 
subsequent  metastasis  after  the  fashion  of  a  malignant  tumor — it  is 
absolutely  indifferent  to  us  whether  this  or  that  organ  first  becomes 
perceptibly  diseased.  We  know  that  lymphatic  tumors  may  be  widely 
distributed  through  the  l>ody  without  giving  rise  to  clinical  symp- 
toms ;  we  know  further  that  the  size  of  the  tumor  does  not  always 
correspond  to  its  age,  for  we  see  extraordinary^  fluctuations  ;  in  fiict, 
there  may  even  be  retrogressive  changes  in  individual  organs  which 
previously  showed  a  markeil  increase  in  size. 

In  a  number  of  cases  the  liistologic  structure  of  th^e  skin  lyrapho- 
mata  is  exactly  like  that  of  lymphodermia  perniciosa  (Ka{K)si),  which 
is  icleotieiil  with  the  ^rythrodermie  mycosique  of  the  French.  In 
another  series  of  cases,  however,  the  histologic  structure  is  not  lymph- 
adenoid,  but  a  sort  of  granulation  tissue,  consisting  of  spindle,  round^ 
plasma,  and  mast  cells.  Whether  the  tumors  occurring  in  this  afft-ction 
are  to  be  considered  as  mycosis  fungoides,  as  has  been  suggestal,  must 
be  left  for  future  investigation  to  decide. 

The  pathologic  anatomy  of  the  remaining  skin  lesions  (usually  urti- 
carial in  character)  corresponds,  at  first,  to  that  which  they  show 
under  other  circumstances.  We  have  to  do  with  circumscribed  exuda- 
tions. They  are  particularly  marked  in  the  epithelium,  which  they 
transform  into  vesicles  by  an  intercellular  exudation.  The  reaction 
of  the  cutis  is  usually  slight  and  is  expressed  by  a  moderate  circum- 
vascuJar  round-cell  infiltration.  Still,  we  sometimes  see,  in  addition, 
a  large  emigration  of  ordinary  and  eosinophile  pus  cells  from  the  cutane- 
ous vessels  into  the  vesicles.  Later  on,  small  granulation  tumors 
eomposetl  of  round  and  spindle  cells,  with  here  and  tliere  an  isolated 
Langhans'  giant  cell,  sometimes  develop  at  the  site  of  the  scratched 
and  cicatrized  vesicles. 

The  changes  in  the  nervotis  system  and  the  oi^ns  of  special 
sense  appear,  microscopically,  as  a  mixture  of  lymphocytic  infiltration 
and  hemorrhage  followed  by  the  formation  of  scar  tissue  and  by  degen^ 
eration  processes,  especially  fatty.  As  in  all  other  organs,  the  lym' 
phatie  infiltration  occurs  here  in  small,  irregularly  distributed  foci. 
Genuine  lymphomata  are  rare  and  are  limited!  (Eichhorst)  to  the  mem- 
branes and  the  peripheral  nerves,  with  a  predilection  for  the  cerebral 
nerves.     Hemorrhages  and  their  results  are  observed  especially  in  the 
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That  the  bone-marrow  tissue  produces  the  principal  portion  of  the 
leukocytes  found  in  tbe  hlrnxJ  in  myeloid  leukemia  is  geneml I y  acknowl- 
edged ;  that  the  .s<?<.'undary  leukemic  tumors  of  the  internal  organs  in 
the  same  disease  arise  mctaj^tatically  by  trau^pUmtation  of  tlie  marrow 
tissue  at  tlie  sites  of  secondary  tumor  tormatitm  is,  at  least,  very  prob- 
able, since  under  normal  conditions  the  occurrence  of  proliferating  mye- 
loid tissue  outside  the  bone-marrow  tlius  lar  has  never  been  observed. 

In  contrast  ti*  this  metastatic  genesis  of  the  myeloid-leukemic  tumor 
stands  that  of  lymphatic  leukemia,  which,  exactly  like  the  inflammatory 
lymphocytic  infiltration^  is  built  up  from  lymphatic  tissue  normally 
present  at  that  particular  |Wirt  of  the  body.  In  other  wonls,  all  tissues 
are  interwoven  by  a  lymphadenoid  network  in  which  larger  lymphomata 
may  be  developed. 

Lymphocytes  are  undoubtetlly  carritnl  into  the  blood,  by  way  of  the 
lymph  vessels,  from  the  hyj»er|jlastic  lymphadenoid  lx»ne-marrow,  frora 
the  likewise  hyfM^q>lustic  spleen,  from  the  lymphomata  in  the  skin,  from 
the  diffuse  lymphocytic  infiltrations  in  the  liver  and  kidneys,  and  from 
all  the  other  locations  of  ]y!u(4incytes,  as  well  as  from  the  lymph 
glands.  The  proof  tliat  all  the>c  lymphomata  discliarge  lymphocytes 
into  the  blood  in  this  \m\\  is  si  town  by  tho  fact  that  the  lymph  vessels 
near  them  are  found  filled  with  lyrnpliocytcs,  as  is  the  case,  under 
normal  conditiims,  abc»ut  the  lymph  glands  (Pinkus), 

In  order  to  exjihiin  the  pcruliar  fact  that  in  apparently  similar  cases 
there  is  sometimes  a  nr»rmal  proportion  of  white  and  reil  bloo<:l-*-'orpuscleB 
(pseudoleukemia),  and,  again,  a  considerable  abnormality  (lymphatic 
leukemia),  many  theories  have  been  suggested.  We  shall  take  up  here 
only  the  one  proi>osed  by  Neumann,  which  is  tlie  most  genendly  known 
and  has  ^UmA  l>est  the  test  of  time.  According  to  this  theory  the 
lymphadenoiil  transformation  of  the  bone-marrow  must  be  regarfletl  as 
an  essentia!  in  the  oritfin  of  lymphatic  leukemia.  Tbfe  is  sup]M»rte4l  by 
the  fact  that  disease  of  the  marrow  is  found  in  every  case  of  lymphatic 
leukemia,  and  in  some  exclusively.  With  slight  modi  Heat  ion,  but  more 
clearly,  Papj>enheim  expresses  this  theory  iu  the  words  :  **  If  the  ex- 
citant affects  first,  and  exclusively,  the  spleen  or  the  lymph  glands  (the 
distensible  capsules  extending  with  the  growth),  only  pseudoleukemia 
results ;  but  if  the  bone-marrow  is  attacke<I  and  becomes  hyperplastic, 
then  leukemia  ensues.** 

Simple  as  the  conditions  are  made  by  this  explanation,  several 
circumstancas  pre%'cnt  us  from  accepting  it  (see  pp*  598,  599).  We 
have  mentioned  that  the  cases  of  lymphatic  leukemia  with  exclusive 
diaeajBc  of  the  marrow  all  come  under  the  head  of  acute  leukemia,  and 
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also  that  id  these  acute  cases  we  have  not  sufficient  evidence  to  prove 
that  the  non -enlarged  lymph  glands  do  not  particiimte  in  the  lympho- 
cytosis, sinct'  they  show  all  the  signs  of  a  very  high  degree  *>f  pro- 
liferation, Furtiier,  the  view  that  cased  of  generalized  lymphomatosis 
show  no  bl<v>d -changes  does  not  correspond  to  the  facts,  for  we  find  in 
them  a  completc4y  similarj^  even  thongh  only  a  ijualitative,  alteration 
of  the  blood.  Absolute  differentiation  between  lymphatic  leukemia  and 
pseudoleukemia,  therefore,  falls  to  the  ground.  Moreover,  as  suggested 
before^  we  have  direct  proof  that  lymphomata,  other  than  those  of  bone, 
discharge  lymphocytes  into  the  blood. 

Further  investigations  directed  esj>ecially  toward  the  participation 
of  the  ditferent  organs  in  the  lymplKXjytosis  are  necessary  in  order  to 
explain  these  difficulties. 

Among  the  frequently  roentioned  [>ossibilities — (1)  that  the  Iympli*>- 
matou^  masses  represent  deposits  from  the  blood  in  which  the  lympho- 
cytes increase  partly  by  cell  division,  partly  by  prevention  of  their 
(normal)  metamorphosis  into  red  bltMnl -corpuscles  or  p<»lynuclear  leu- 
kocytes ;  (2)  that  the  lymphomatous  masses,  while  not  def)Osited  in  ioio 
froui  the  blocHl,  develop  at  these  sites  from  metastatically  carried  cells  ; 
and  (3)  that  they  arise  as  a  result  of  a  general  predispo!?ition  to  the  new 
formation  of  lyinphadenoid  tissue  from  small  accumulations  of  this 
tissue  normally  present  in  these  localities — the  last  is  the  only  one  so 
far  demonstrated. 

The  old  assumption  which  attributed  the  origin  uf  the  lymphemia 
to  the  failure  of  the  transformation  of  lymphocytes  into  polynuclear 
leukocytes  must  be  rejected,  since,  as  Ehrlich  has  shown,  we  have  to 
do  here  with  two  vcry^  different  histologic  s<)urces — ^the  source  of  the 
lymphocytes  and  that  of  the  neutrophile  l)one*marrow  celL< — wliieb 
have  nothing  in  common  with  and  never  go  over  into  one  another.  On 
the  contrary,  it  may  be  regarded  as  proved  tliat  the  lymphocytosis  i^ 
dependent  on  an  increased  formation  of  lymphocytes  in  tlie  lymphomata 
and  the  discharge  of  these  cells  into  the  blo<xl,  a  process  which  can  be 
seen  in  its  differr/nt  stages  under  the  raicrostMjpe. 

Possibly  a  lessened  oonsuniption  of  lymphocytes  may  prove  a  fiictor 
in  addition  to  the  increased  formation.  TliL^*  assumption  is  supported 
by  the  fact  that  only  very  few  mitoses  are  found,  at  least  after  death, 
in  the  lymphomata  of  chronic  lymphatic  leukemia.  Still,  apart  from 
the  possibility  that  this  small  number  of  mitoses  may  be  the  result  of 
deaths  tiependent  perhaps,  in  part,  on  the  technic  of  the  examination 
(especially  since  other  observations  assert  numerous  mitoses),  this 
assumption  k  apparently  contradicted  by  the  direct  evidence  in   the 
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Uood  of  a  very  considerable  destruction  (Gumprecht)  or,  at  least,  liabil- 
ity (Askanazy)  of  the  lymphocytes.  The  determination  of  this  point 
must  be  left  for  the  future.  It  would  be  well  if  in  future  investigation 
qKcial  attention  was  directed  to  comparison  of  the  number  of  d^en- 
erated  lymphocytes  in  the  blood  with  the  mitoses  in  the  lymphatic 
<»gans,  and,  when  possible,  to  comparison  of  the  mitoses  found  during 
life  (in  lymphomata  removed  intra  vitam)  witli  those  found  in  the 
organs  of  the  same  person  post  mortem. 

Sufficiently  conclusive  investigations  are  still  wanting  in  regard  to 
the  histogenesis  of  another  peculiarity  of  lymphatic  leukemia — namely, 
the  frequent  sudden  retrogression  of  the  lymphomata  and  the  lym- 
phemia.  Whether  the  destruction  of  the  cells  takes  place  at  their  site 
of  origin  or  only  after  their  passage  into  the  blood  is  a  question  which 
has  not  been  determined.  This  phenomenon  is  to  be  placed  in  line 
with  the  disappearance  of  other  neoplasms,  especially  certain  round- 
cell  tumors  occurring  in  the  skin,  known  under  the  name  of  sarcoid 
tumors  (so-called  multiple  skin  sarcomatosis,  mycosis  fungoides),  in 
which  a  partial  or  sometimes  complete  retrogression  has  been  observed, 
either  spontaneously  or  under  the  influence  of  arsenic. 


ETIOLOGY. 

Even  in  prebacteriologic  times  the  cause  of  leukemia  and  pseudo- 
leukemia was  frequently  suggested  to  be  some  infectious  agent  which 
first  set  up  a  local  injury  at  the  jwint  of  entrance,  or  which  forced 
itself  into  a  diseased  organ  (for  instance,  an  enlarged  tonsil  or  tonsillar 
abscess,  or  protractcnl  ulcer  of  the  gums  as  a  result  of  carious  teeth) 
and  was  afterward  distributed  throughout  the  body.  I-.atcr,  bacteria 
were  repeatedly  sought  as  the  cause,  and  now  and  then  found.  Though 
these  investigations  were  not  limited  to  the  ordinary  pyogenic  and  sim- 
ilar commonplace  infectious  bacteria  to  which  there  was  no  possibility 
of  attributing  an  etiologic  significance,  none  of  them  could  be  demon- 
strated to  be  the  etiologic  agent ;  on  the  contrary,  they  all  proved  to 
be  accidental  contaminations  or  the  causative  agents  of  complications 
(for  instance,  tuberculosis). 

In  late  years  several  communications  have  been  made  which  seem 
to  support  the  occurrence  of  animal  parasites.  Such  forms  were 
observed  in  the  fresh  blood  of  lymphatic  leukemia  by  Mannaberg. 
They  were  later  observed  by  others,  though  their  significance  as  para- 
gites  was  left  undecided  by  some,  and  contradicted  by  Strauss  and 
PoUmann.     A  new  phase  of   this  question  was  brought  up  by  the 
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studies  of  Lowit,  who  (li^munstrated  peculiar  organized  ameba-Iike  forms 
in  the  white  blood-carpustvks  uf  both  kinds  of  leukemia.  The  greater 
part  of  IxJwit's  investigations  were  limited  to  the  etiologj'  of  myeloid 
leukemia.  Yet  even  in  the  blood  an*l  certain  hlixid-making  organs 
(spleen  and  hone-marrow)  of  lymphatic  leukemia  he  found  forms  which 
he  described  (true,  with  a  c^ertdin  amount  of  rei^rve)  as  ameba-like 
bodies  under  the  name  hiemamceba  leukasmifie  |>arva  (vivax). 

[Tiirk,*  in  discussing  Lo wit's  theory  of  the  araeliic  etiology  of  leu- 
kemia, concludes  that  the  supposed  parasite  of  myeh^genons  leukemia  of 
Lowit  is  not  a  {.Kirasite  and  not  even  a  preformetl  structure  in  the  bloody 
but  an  artifact  formed  out  of  the  mast-cell  granulations.  The  supposed 
transmission  uf  the  disease  to  aninials,  reported  by  Lowit,  is  questioned 
as  doubtful, — Ei>.] 

Further  investigation  must  be  undertaken  to  establish  the  value  of 
Lowit's  assertions.  So  far  the  subsequent  investigators  have  unexoep- 
tionally  fcxken  the  opposition  (see  p,  648),  We  w^ll  detail  in  short  the 
finding  as  Lowit  describes  it  in  his  hrMjk. 

The  organisms  demonstrated  by  special  staining  methods  *  are  seen 
as  small  forms  which  frequently  possess  spur-  or  hook-like  prcK-esses, 
and  sometimes  show  a  nucleus-like  body  interiorly,  Lowit  endeavored 
to  show  a  course  of  development  for  those  bodies  in  which  he  differ- 
entiated : 

1,  Young  forms,  which  occur  alone  or,  more  frequently,  several 
together  in  a  lymphocyte. 

2,  Growing  forms,  lai^r  than  No.  1,  and  showing  karyokinetic 
figures. 

*  XVIIL  Conffremf.  InnfTt  Me<L,  190O,  p.  251. 

"  Tbej  smin  tlark,  raeLiclinjmjitic  violet  to  reddish  brown  by  the  following  meUiod: 
Fix  on  Ehrlit'h*j*  copper  platt- ;  btmt  the  preparation  gentlj  in  a  waich  gUs  fuU 
of  old  Loffler'fl  iiieUiyleiie  blut;;  allaw  to  stand  till  ecwl  (five  to  ten  iuinui«s)  ;  wiLsh  to 
water ;  dillbrt'ntiiite  in  0.3  per  cent,  hydrocbloric  ai'id  in  alcohol ;  wa^^sh  in  water ;  dry ; 
mount  in  bsil«mi.  Fixation  by  alcohol  and  ether  is  to  be  AToided,  since  the  orgunlsmn 
stain  poorly  after  contact  vritli  alcohol  Similar  results  are  achieved,  without  wnnnln^ 
with  tbionin,  wbicli  may  be  combined  with  a,  triacid  i«tarn»  the  differentiation  with  hydrc^- 
chloric  acid  alcohol  being  omitted.  In  the  examination  of  hi.^tolo|ric  mjction*^  ihe  bard* 
ening  niiif*t  l»e  done  by  alcohol  and  bichlorid  of  mercury ;  8*>lutioa*»  containinsT  ehftimiis 
acid  or  formalin  are  not  atliiptod.  Tbe  stain  recommended  for  sections  vs.  a  mixture  of 
Loffler^s  nicihylcnc  blue,  30  pirtH,  and  concentrated  watery  j»t>hition  of  thionin,  15  fiar1& 
Bt^tn  for  fifteen  to  twenty  nunutes  with  f^ntle  heat,  diflerentiate  in  0.3  per  cent  hydn> 
chloric  acid  in  alcohol,  treat  with  alcohol,  9*!  per  cent*,  then  with  xylol,  which  clears 
after  drying  the  preparation  several  times  in  tbe  air,  and  mount  in  Canada  lialsam.  StiU 
belter  resnJlsare  ohtainwl  by  tstninini^'  for  twenty  to  twenty-four  honni  in  ssifTranin  (watery 
aleoboltc  dilution),  wbich  Rtainft  ibe  ameboid  botlies  rust  brown  to  brownish  reti,  and  the 
rest  piile  or  red,  the  bnsnpbilic  granules  a  fuint-yellowish  red,  the  products  of  nuclear 
degeneration  more  or  le«8  dark  red. 
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3.  8iK)rulation  forms,  which  ret-all  the  sporulation  fomis  of  the 
ID  a1  ar i  u  I  pa  ni'>  \ ti\ 

4.  DegiUiL'r^ition  forms,  irregular  granules  and  clumps,  which,  never- 
theless, Btain  like  the  other  forms. 

These  b<Mlieti  are  found  but  rarely  in  the  eirciilating  blood,  hut  are 
more  frequent  in  the  interna]  org:ins,  where  they  <jceur  id  isolated  plares 
in  numbers.  It  is  noteworthy  tliat  they  are  less  frequent  in  the  lynq>h 
glands  than  in  the  spleen  and  bone-marrow.  lujeetion  intt^  animals, 
which,  according  to  Lowit*s  assertions,  succeetletl  with  the  c*>rret;fKiuding 
forms  in  myelogenic  leukemia,  was  not  successful  in  lymphatic  leukemia. 

The  determination  of  all  these  points  must  t>e  left  to  the  future,  for 
it  is  still  a  question  whether  tliese  bcnlies  represc»nt  unicellular  organisms 
or  only  peculiar  products  i>f  cellular  degenenUion.  Ixnvit '  himself 
considers  it  impossible  that  these  bcKlies  are  tlie  products  of  lynq^ho- 
cytic  degeneration  [jrfxlnct^  by  hyper-  or  hypoehromatosis  with  kary- 
orrhexis  or  karj'olysis,  since  sucli  products  do  not  stain  mctacliro- 
matically  by  the  methtjd  described,  and  the  hemamebie  are  scarcely 
more  than  suggested  by  the  ordinary  stains  by  which  degenerations  are 
brought  out. 

Granting  all  this,  the  question  still  remains  whether  these  forms, 
even  though  they  occur  only  in  leukemic  1>I(km1,  are  t<j  be  considerctl  the 
cause  of  the  disease.  In  this  regartl  the  finding  of  myelogenic  leu- 
kemic amebfe  in  one  c^ise  of  lymphatic  leukemia  which  was  character* 
ized  by  containing  a  large  percentage  of  Eljrlich\s  myelocytes  is  strik- 
ing, for,  according  to  our  conception  of  the  ditJerent  forms  of  leukemia, 
this  finding  alone  would  be  sufficient  to  show  a  myelogenic-lymphatic 
mixed  form.  It  is  further  remarkable  that  the  ameWud  forms,  even  in 
myelogenic  leukemia,  are  fnuiul  especially  in  the  lymphocytes,  tbe  cells 
least  characteristic  of  leukemia. 

If  we  Ifwk  at  the  etiology  frt»m  the  standjwint  of  infection^  the 
accurate  determination  of  this  f>oint  of  view  being  left  to  the  future, 
we  have  at  once  certain  things  cleared  up  in  the  origin  of  the  disease. 
In  this  regard  those  cases  are  especially  significant  in  which  lymphatic 
leukemia  folluwed  an  irritation  of  the  lymphatic  tissue.  True,  the 
information  ilerived  from  the  most  frequent  group  of  these  cases 
(lymphodermia  perniciosa)  is  not  great.  Our  knowledge  of  the  histo- 
logic changes  (csiM?cially  in  the  internal  organs)  at  the  l>eginning  is  too 
limited,  since  the  positive  diagnosis  can  be  made  only  in  later  stages. 
The  frequency  of  the  combination  of  these  w^idespread  erytlirodermias 
with  subsequent  lymphatic  leukemia  indicates  the  necessity  of  the  most 
1  Vtriiaixdi,  der  (hng.f,  inn^rt  Mtd.,  1899  and  1900. 
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blood-picture  of   myeloid  leukemia  stands  in  contrast  to  the  simple 
increase  in  lymphocytes  of  lymphatic  leukemia. 


PROGNOSIS. 

Chronic  lymphatic  leukemia  must  be  considered  a  fiital  disease.  Its 
duration  fluctuates  within  very  considerable  limits.  It  may  prove  fatal 
in  several  months  or  may  last  as  many  years;  but  it  seldom  lasts 
more  than  a  year  after  the  evident  appearance  of  the  cachectic  stage. 
During  its  course  marked  and  long-continued  remissions  occur,  some- 
times spontaneously,  or,  again,  as  the  result  of  intercurrent  disease  or 
therapy.  The  few  reports  of  complete  cures  are  rendered  doubtful  by 
the  uncertainty  of  the  diagnosis,  which  up  to  very  recent  times  was  not 
established  with  sufficient  accuracy.  Moreover,  the  observations  in  these 
cases  were  not  carried  on  for  a  sufficiently  long  time,  and  this  gives 
ground  for  the  objection  that  the  supposed  cures  were  only  transitory 
remissions.  This  last  conclusion  is  supported  by  the  frequent  report 
that  cases  of  pseudoleukemia  which  were  considerably  improved  by 
arsenic  eventually  succumbed  after  a  period  free  from  symptoms,  care- 
ful observations  usually  not  having  been  made,  though  sometimes  they 
exhibited  an  outspoken  relapse  in  the  form  of  a  frank  lymphatic 
leukemia. 

Since,  therefore,  the  principal  characteristic  of  lymphatic  leukemia 
is  the  lymphemic  blood-picture,  the  prognosis  in  a  case  of  lymphatic 
tumors  becomes  at  once  unfavorable  as  soon  as  an  increase  of  lympho- 
cytes becomes  evident  in  the  blood. 

We  have  already  discussed  the  manner  of  death  when  speaking  of 
the  course  of  the  disease. 

TREATMENT. 

The  medical  treatment  of  chronic  lymphatic  leukemia  is  almost 
limited  to  mitigating  the  objective  symptoms  and  improving  the  sub- 
jective feelings,  since  an  actual  influence  on  the  duration  of  the  disease 
is  rare  and  an  averting  of  the  fatal  termination  has  never  been  accom- 
plished. 

The  simple  surgical  procedure  of  removing  all  the  diseased  parts  is 
impossible.  Partial  extirpation  is  sometimes  indicated  on  mechanic 
grounds.  This  indication  is  seen  especially  in  the  cases  with  lai^ 
tumors  and  but  slight  blood-ohange  (in  other  words,  in  pseudoleukemia 
as  we  understand  it).  Sometimes  it  is  the  dyspnea,  produced  by  a 
lymphoma  of  the  neck,  which  calls  for  the  operation,  again  symptoms 
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cures  of  general izcnl  lyiupliomata  a'^'rilnxl  to  it  in  earlier  comniunica- 
iiiyuK  Mossier  !?aw  appuruntly  comjilett'  eure  ft>llov\iiig  quinin  in  1  case^ 
tliough  the  diagnosis  m  not  beyond  cavil.  Tbe?*t^  two  remedies  are, 
however,  generally  used  only  wr>  diagnostic  aids  in  the  differentiation 
of  syphilis  and  malaria. 

The  only  drug  which  has  achieved  decided  success  in  a  numl^er  of 
caseSj  especially  those  with  large  lymphomata  and  a  t^light  lympheniiai 
is  arsenic*  The  results  of  arsenic  treittment  are  in  the  beginning  usually 
gtHHl.  But,  unfortunately,  a  relap.se  almost  alway.s  corner  ou  which  the 
arsenic  c?an  not  influence^  and  so  the  fatal  teruiinatioD  is  only  postponed, 
not  prevented  (Brarawell), 

The  arsenic  is  administered  in  various  ways,  which  will  be  more 
thoroughly  discus.'^ed  in  the  article  on  pseudoleukemia. 

^In  pills  it  is  employed  in  the  form  of  the  old  Pilulae  AsiaticiB  with 
Piper  nigrum,  or,  better,  with  sodium  carbonate : 


Sig. 


H     Acid,  arsenioe 0.3 ; 

Sotlii  earbonat,   .    ,    .    , 1,0; 

PuU%  mdic,  liquir, 

Bucc.  liquir     -    , • .   ii     5:0; 

Glycerin . giu  y. 

M* — Ft.  masB  pilul.  e  qua  form,  pilnl.  No.  C. 
->Begin  with  2  piUs  dailv  iuid  increase  to  6  or  more» 


Fowler's  solution  may  be  given  three  timcis  daily,  increasing^  1  drop 
a  day,  from  3  to  15  drops;  or  sol,  acid,  arrtenioe.  0.25;  50.0  three 
times  daily,  increa^iog  from  3  txi  30  drops.  The  increase  should  always 
be  .slow.  If  no  .symptoms  of  poisoning  apjwur,  the  high  dose  may  be 
continued  without  any  decrease*  Sudden  cessation,  unless  forced  by 
acute  symptoms  of  poisoning,  is  to  be  strictly  avoided.  Such  cessation 
often  causes  irreparable  damage,  through  the  development  of  a  severe 
cachexia.  Therefore,  in  case  the  arsenic  i.s  to  be  dropi>eil  from  the 
therapy,  let  the  decrease  be  gradual  even  when  no  great  care  was  exer- 
cised in  the  increase. 

Mf>re  exact  doses^  with  greater  effect,  can  be  obtained  from  the 
employment  of  subcutaneous  and  intravenous  injections,  and  they 
are  frequently  better  borne.  The  latter  are  especially  recommendetl 
for  large  doses.  They  should  l>e  intrfKlucetl  in  a  fiui>erficial  vein  of 
the  ellmw,  with  a.  sterile  syringe,  after  most  careftd  cleansing  of  the 
skin  with  soap,  ether  and  alcohol.  It  is  well  to  em]iloy  a  large  syringe, 
and,  by  sucking  up  some  blocKl  before  injecting,  convince  ourselves  that 
tlie  ncKlle  is  in  the  lumen  of  the  ve*<sel.  For  solKiutanei>us  iTjjectioii  a 
modified  Kobner's  solution  is  to  be  recommendeil,  in  which  the  addi- 
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tlon  of  cocain  prevents  the  burniiig  sensation  usually  experienced  for 
about  fifteen  minutes  afkT  : 

E     Bodii  anseniLk 0.1 ; 

Cooiiii  liydrochlorat 0.3  j 

Aqua  de^tiiiut. ad  lU.O. 

M.  D.-^Sterilisa. 

Of  this  0,5  to  2  c.c.  are  injected  daily,  and,  when  well  Iwrne,  still 

larger  doses,  Ft»r  intravenous  iujectiau  the  additiou  of  eocain  is 
uunece*^siry,  and  *so  the  pure  Koboer'a.  stdution  is  employed.  The 
Diost  careful-sterilization  of  the  injection  fluid  m  naturally  an  ab^lute 
essentia  L 

The  intniparencbymatous  injection  of  arsenic  solution,  as  recom- 
mended by  Billroth  and  Winiwarter,  is  gometimes  even  more  effective- 
Any  of  these  measures  must  be  continued  many  months^. 
Almost  no  results  have  been  achieved  by  the  internal  and  snb«.'n- 
taneous  administration  of  organotherapeutie  remeilie*!  (tliyroid,  lymph- 
gland,  and  marrow  preimrations).  Whait  announceil  some  success  after 
bone-marrow  tablets,  but  no  lasting  cure.  The  diagnosis  of  other  case^ 
described  as  successful  (Maoalister)  is  not  suflSeiently  eertain. 

All  in  all,  therefore,  we  are  simply  thrown  back  on  tlie  symptomatic 
treatment,  which  has  been  found  to  mitigate  the  sufferings  of  the  pjitient 
and  keep  up  strength  as  long  iis  possible*  Among  the  measures  which 
have  aohievetl  at  least  temporary  success  in  the  alleviation  of  symp- 
toms may  be  mentioned  inhalations  of  oxygen  and  of  carl>onic  acid 
(Ewart),  Among  the  reme<lies  employed  to  excite  the  ap|»etite,  Litteo 
and  Vehsemeyer  especially  recommended  berberinum  (the  hydro- 
chlorate  of  which  is  soluble  with  ditfieulty,  the  sulphate  and  phosphate 
readily  soluble).  This  has  been  now  and  then  recoramendeii  as  a 
remedy  for  malaria  and  also  as  a  styptic.  Its  dose  is  from  0.1  to  0.3 
gm.  several  times  daily,  in  pills,  in  sohition  or  subcutamNUisly. 

PSEUDOLEUKEMIA. 


SYMPTOMS  AND  COURSE. 

Under  the  name  psatfjolenkemia  (Colmheim)  is  included  a  large 
number  n[  cases  showing  the  common  symiitom  of  enlargement  of  the 
lymphatic  a|)paratus,  ChpecMally  the  lymph  gismds  and  tlie  spleen,  just 
as  in  lymphatic  leukemia.  They  are,  nevertheless,  differentiated  from 
the  hitter  by  the  IdorHl-pictnre,  whicli  manifests  a  diminution  in  the  red 
blood-corpuscles,  but  no  jmrtieular  increase  of  the  whites. 

From  the  early  literature  the  cases  of  Hodgkin  and  Wunderlich  are 
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especially  identified  with  this  disease^  and  it  is,  therefore,  frequently 
designated  in  honor  of  the  first  describer  as  Hodgkin's  disease.  The 
names  lymphosarcoma  (Virchow,  Langhans)  and  inaUgnard  lymphoma 
are  likewise  frequently  employed  as  synonyms. 

We  have  seen  previously  that  the  blood-picture  in  these  cases,  so 
frequently  designated  as  normal  or  as  merely  anemic,  still  shows  cer- 
tain peculiarities  which  closely  ally  it  to  lymphatic  leukemia.  In 
other  words,  on  a  careful  investigation  of  the  blood-histologj',  even 
when  the  proportion  of  W.  :  R.  is  normal,  or  the  whites  are  only  moder- 
ately increased,  we  always  find  a  relative  increase  in  lymphocytes.  In 
contrast  to  true  leukemia  the  original  anatomic  conception  of  pseudo- 
leukemia has  gradually  broadened  with  its  clinical  diagnosis.  Leu- 
kemia, too,  was  first  recognized  in  the  cadaver  (Virchow),  and  only 
later,  after  Virchow's  masterly  description  had  risen  to  the  dignitj'  of  a 
classic,  was  the  diagnosis  made  during  life.  Yet  in  true  leukemia  this 
was  easy  and  natural,  while  in  pseudoleukemia  the  adaptation  of  patho- 
logic knowledge  to  clinical  cases  often  left  wide  gaps,  and  consequently 
the  clinical  conception  of  pseudoleukemia  eventually  came  to  be  only  a 
collective  name  for  all  possible  generalized  lymphomatoses  which  mani- 
fested no  leukemic  blood-picture. 

From  this  heterogeneous  mass  we  have  gradually  succeeded  in  cre- 
ating a  somewhat  clearer  picture  by  the  separation  of  certain  clinical 
forms  which  have  become  more  evident  in  the  course  of  time. 

In  a  large  number  of  pseudoleukemia-like  cases,  the  blood  of  which 
did  not  show  the  relative  lymphocytosis  described  as  characteristic,  but 
an  actual  normal  or  only  anemic  condition,  there  is  good  reason  for 
believing  that  we  have  to  do  with  an  entirely  different  disease — namely, 
either  a  special  form  of  glandular  tuberculosis  or  the  affection  described 
by  Kundrat,  from  Virchow's  series  of  lymphosarcomata,  under  the 
name  lymphosarcomatosis. 

In  order  to  distinguish  between  these  and  even  other  similar  dis- 
eases, it  is  no  longer  justifiable  to  accept  the  criterion  which  prevailed  a 
short  time  ago — namely,  a  leukemia-like  appearance  without  the  leu- 
kemic blood-picture.  In  the  discussion  of  the  diagnosis  we  will  show 
what  requirements  are  necessary  in  order  to  pronounce  a  case  pseudo- 
leukemia. 

The  symptoms  of  pseudoleukemia  are  often  so  exactly  like  those 
which  we  have  described  for  chronic  lymphatic  leukemia  that  a  detailed 
description  of  them  would  be  for  the  greater  part  a  repetition.  We 
intend  to  give,  therefore,  only  a  summary  of  the  points  wherein  they 
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differ.  Nevcrthelei^s,  we  miLst  fin4t  insist  that  the  valoe  of  oertain 
diiFerences  is  ditHciilt  to  estimate,  becaui^'  the  conception  of  pi^eudoleu- 
ki^niia  m  not  everywhere  comprehended  within  our  sharp  limits,  tso 
much  iso  in  fact  that  in  tlie  old  cases  we  often  have  no  criterion  for 
determining  with  certainty  the  pseudolenkemic  nature  of  a  diseju^t*. 

The  diseai^  hegios  inr^kiiout^ly  with  a  swelling  of  the  lymphatic 
Stmcttttes,  in  wliicli  no  previotm  alteration  was  noticeable  or  in  which 
a  longer  or  shorter  time  before  a  liypeqiliistic  condition  existed  as  a 
result  of  another  aftl'ct ion  (.«ce  Etiology).  The  market!  pi*eclispo8itioa 
of  the  male  sex  which  we  imiarked  in  all  the  other  lympheniic  di^^ea^s, 
especially  acute  lenkenn'a  and  chloroma,  but  even  in  chronic  lymphatic 
leukemia^  thciugb  not  so  evidently,  is  found  also  in  pseudoleukemia  i 
(Brousse  and  G^mrdin,  (ji»wers).  According  to  Rndler,  the  male  i^ex  ia  I 
three  times  more  frei|uently  affected  than  the  female.  The  age  of  pre- 
dihx'tion  lies  between  twenty  and  forty,  though  the  disease  is  not  ex- 
tremely rare  later*  Even  among  children  a  considenible  number  of 
cases  are  known  (Fischer^  7  among  12  patient^s).  The  largest  lympho- 
mata  are  most  commonly  found  in  the  cervical  region,  j 

We  distinguish  two  varieties  of  timiors,  soft  and  liani. 

The  mft  form  simulates  in  every  jiarticular  the  lyniphomata  of 
chronic  lymphatic  leukemia.  The  tumors  vary  from  soft  to  elastic, 
they  are  sharply  defined  from  one  another,  elliptic  in  shape,  and  have 
a  smooth  surface.  These  glands  may  in  the  course  of  time  change  to 
hard,  and  bi^th  forms  frequently  exist  side  by  side  in  the  same  patient. 
Moreover,  a  decision  as  to  consistence  is  at  times  difficult. 

Again  J  the  lymphoma  ta  are  often  hard  from  the  l^inning.  An 
exact  percentage  i;an  not  at  present  be  state^^,  even  with  the  large  num* 
Ix^r  of  statistics  at  our  command,  because  in  this  group  of  hard  lyrapho- 
mata  are  gatliered  all  the  diagnostiealty  uncertain  forms,  and  even  some 
that  evidently  Ijelong  elsewhere  (tul>erculosis,  lymphosarcomatosis),  go 
that  tiie  pseudoleukemic  picture  is  obscured. 

The  Spleeti  is  usually,  though,  as  in  lymphatic  leukemia,  not  con- 
stant ly^  enlargtKl.  Nevertheless,  it  m  in  the  hanl  form  of  pseudoleu- 
kemia that  tlie  largest  spleens  on  ret*f>rd  have  l>een  observetL  In  the 
rare  castas  in  which  the  external  glands  are  not  enlargetl,  the  splenic 
tumor  may  constitute  the  most  conspicuous  symptom.  Yet  here,  a»  in 
the  glandular  tumors,  the  difrcrentiation  of  the  different  varieties  may 
be  impossible.  Moreover,  we  have  not  a  sufliciently  large  number 
of  carefully  investigated  eases  to  decide  whether  isolated  enlargement 
of  the  spleen  can  justify  the  diagnosis  of  pseudoleukemia,  or. whether, 
as  Turck  suggests,  we  have  to  do  with  a  lymphosarcoma t08is  in  Kuxk 
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<!nit*s  sense.  Rare  crises  <if  isolaU'd  .splenic  tumor  with  a  relative 
lympho€yto.'-is  (usiially  following  malaria)  whlvh  nin  an  unfavorable 
coiir>»e  Esup|Hjrt  the  view  tliut  we  may  have  a  p,sei»d«ileiikemia  witli  a 
predominant  or  even  exclusive  hx?alization  of  the  lyrapliatie  overgnjwth 
in  the  spleen. 

The  lymphatic  hy|ieri*la.^ia  of  the  bone -marrow  seems  to  be  less 
constant  tiian  in  true  lymphatic  leukemia,  uiul  in  any  case  it  protluees 
even  fewer  clinical  symptoms.  Several  cases  describetl  under  the  names 
myelogenous  pseudoleukemia  (v.  Bauiugarten),  lympluuliuia  ossium 
(Nolhnagel),  in  wliicli  the  principal  alteraticms  were  fr>iinti  in  the  Inme- 
marroWj  will  be  discussed  with  the  so-oalleil  multiple  myelomata  in  the 
section  on  Diagnosis.  Since  the  blood-picture  pwuliar  to  them  is  only 
one  of  anemia  and  shows  no  increase  in  lympbrRTtes,  these  eases  may 
be  sejianited  from  tlic  acttial  pseudoleukcnjias. 

The  blood-picture  may  l>e  considered  the  chief  characteristic  of 
pseudoleukemia,  as  of  leukemia.  As  drtailtKl  in  the  intrrxJuction,  a 
considerable  alteration  in  the  numl>cr  of  leuk(K*ytes  has  lieen  found  in 
numerous  eases  of  pseudoleukemia.  Indeed,  this  observation  was  made 
by  Cohnheim  in  the  first  case  descrilwd  as  pseudoleukemia.  The  asser- 
tion that  the  eorpuseular  constituents  of  the  blotnl  undergo  ni>  alteration 
in  pseudoleukemia,  apart  from  a  m*Mlerate  or  severe  oligocythemia  and 
other  signs  of  anemia,  is  not  justified*  In  the  cases  attended  with 
augmentation  of  the  leukoeytes,  the  inci*ease  in  the  blood-i'ells  afleets 
ij-rlttmveii/  tJtt'  iifmphonftes.  The  increase  in  the  entire  number  of  white 
cells  is  often  so  slight  tliat  their  pniixjrtiou  to  the  red  blood-corpuseles 
is  little,  if  at  all,  disturbed,  a  fact  which  is  made  more  striking  by  the 
decided  diminution  in  num1>er  of  the  other  leukocytes,  especially  the 
polynuclear  ueutrophiles.  Ct>nf?e<|Ucotly,  since  the  numberof  white  blood- 
corpuscles  is  subject  to  marked  physiologic  fluctuations,  no  significance 
can  be  at!:ribute<l  to  the  al>solute  increase.  The  deviation  from  the  nor- 
mal is,  as  a  matter  of  fact,  rL'i'oguixablc  only  by  study  of  the  [troportions 
of  the  different  varieties  of  leukocytes.  If  we  find  4000  lymphocytes 
to  the  cubic  millimeter,  this  does  not  exceed  the  physiologic  limits  (33 
|)er  cent.)  of  a  total  number  i^f  leukocytes  amounting  to  10,000,  which 
can  not  be  considered  aljuorraal  ;  yet  if  the  total  numl>er  amcmnts  to  only 
6000,  which  also  lies  within  the  physiologic  limits,  the  percentage  of 
lymphr»cytcs  is  increasitl  to  fjO  per  cent.,  or  almut  double  the  nfirmal, 

[This  statement  can  not  be  accepted  without  f|uestion.  In  Cabot's 
series*  of  32  cases  in  which  differential  counts  are  nx*ordeil  11  showed 
distinct  lymphocytosis,  while  the  remaining  21  gave  normal  counts  or 
*  Gin.  Emm,  of  the  Bfood,  5th  ed.,  jn  177. 
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decitled  polymorphonuclear  leukocytos^  with  re<lu€tion  id  the  number 
of  lympliocyies.  In  Da  Casta's  series*  of  10  cases  lymphocytosis  (ocjm- 
biuing  the  (xjunts  of  krge  and  small  lympbicytes)  was  present  in  hut 
3,  and  the  author  states  that  the  condition  is  rare.  In  Longcope's 
series'-  of  8  cases  only  1  showed  lymphwytosis.  Xumerous  other  sta- 
tistias  might  be  qiiotetl  to  the  same  eflect,  and  the  editor's  experience 
coincides  with  that  of  the  authors  quoted. ~Ed.] 

This  relative  increase  in  lymphocytes  has  frequently  l>oen  unnoticed 
up  to  the  most  recent  times,  and  so  in  a  large  number  of  cases  the  most 
important  clinical  criterion  of  this  disease  is  wanting.  In  the  small 
number  (in  comparison  w^ith  the  immense  number  of  so-called  pseudo- 
leukemia cases)  of  completely  unobjectionable  observations — that  is, 
observations  which  were  clinically  and  anatomically  studied  with  thor- 
oughness, this  relative  lymphocytosis  has  always  been  found.  More- 
over,  a  number  of  cases  pronounced  clinically  and  sometimes  even  at 
the  autopsy  to  l>e  pseudoleukemia,  in  which  no  blood-change  was  ob- 
served, have  been  later  proved  to  be  some  other  disease,  and  not  infre- 
quently a  peculiar  form  of  tuberculosis* 

As  to  the  time  when  this  lymphf>cytosis  originates  we  have  no  defi- 
nite  information.  The  fact  that  pseudoleukemia  arises  from  lyraphoraata 
which  began  from  a  different  etiology  supports  the  assumption  that  the 
blood-alteration  occurs  only  after  the  lymphomuta  have  existed  some 
time*— in  other  words,  some  of  the  multiple  lymphomata  without  blood- 
alteration  [Kjssibl}'  represent  the  advance  stage  of  pseudoleukemia.  Stilly 
such  a  diagnosis  is  possible  only  pod  hoCf  and  the  development  of 
pseudoleukemia  with  a  typic  lymphot^vtosis  from  such  lymphomatii 
with  a  normal  blooil-picture  by  no  means  justifies  the  diagnosis  of 
pseudoleukemia  in  concrete  cases  during  the  stage  of  genenilifed 
lymphoma  without  other  symptoms.  As  a  matter  of  fact,  this  stage  is 
to  be  cfjnsidenxl  rather  the  cause  than  a  forerunner,  as  we  shall  see  when 
speaking  of  the  affections  of  other  organn;  (tonsils,  skin). 

The  slightly  lymphatic  blood- picture  frequently  remains  unaltered 
for  a  long  time;  in  fact,  death  usually  overtakes  the  patient  Wfore  the 
general  leukocytic  count  is  markedly  increased.  Yet  a  rapid  increase  in 
white  l>lood-corpuscles  sometimes  takes  place  a  short  time  before  deaths 
simultaneously  wnth  a  nipid  advance  of  the  other  symptomSj  just  as  we 
have  seen  in  several  ca^^es  of  acute  leukemia,  j?ti6  fttem  vU<r,  These 
cases  constitute  the  liasis  of  the  frequently  expressetl  view  that  pseudo- 
leukemia is  an  aleukemic  advance  stage  of  lymphatic  leukemia.  A 
gradual  transition  into  a  lymphatic  leidcemia  of  long  duratitm  has  so  far 
*  Qin,  IlemaL,  p.  268,        >  BuU.  o/  the  Ayer  Qin,  LoB,  ^  the  Ftmntu  Hmp,,  Na  1 ,  l»ua 
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been  reported  hut  rnrely  (Askuiiazy — ^two  and  a  half  years  before  pseudo- 
leukemia, fur  tlie  last  one  and  a  half  years  lymphatic  leukemia  of  high 
grade  at  every  examinatiuii  of  the  bliMxl ;  cases  of  lymphmlerniia  per- 
niciosa). 

The  local liEation  of  the  pseudoleukemic  pnx^ss  in  the  internal 
organs,  together  with  the  Hyniptoais  resulting  therefrom,  agree  exactly 
%vith  the  eouditious  in  genuine  lymphatic  leukemia.  Still,  certain  proc- 
esses, aSj  fur  instaneej  the  urticarial  affections,  may  be  more  common 
than  in  lymphatic  leukemia.  The  lymphatic  tumors  of  the  skin  are 
exactly  sioiilar  (even  Ffeitler's  case,  in  which  attention  was  called  to 
the  rare  localization  of  the  lymphomata  in  the  mam  mar}-  region,  \s 
identical  with  a  leukemic  ease  described  by  Jlalhcrbe  and  Monnier)* 
Moreover,  the  primary  stages  of  lymphodermia  perniciosa  (Kaposi),  the 
4rythrodermie  mycosique  of  French  writers,  which  ordinarily  runs  the 
conrse  of  a  marked  lymphatic  leukemia,  are  not  rarely  associated  with 
only  a  relative  lymphocytosis  such  as  is  characteristic  of  pseudoleukemia* 
These  universal  erytlirodermias,  in  which  not  the  slightest  I>lood-alter- 
ation  is  noticeable  in  the  priniary  stages,  constitute  to  a  certain  extent 
alymphemic  advance  stages  of  psendolenkeraia»  and  to  this  extent  rep- 
resent analogues  of  the  multiple  lymphomata  without  blajd  alteration. 
A  pscutlnleukemia  may  develop  from  either.  Yet,  just  as  every  gen- 
eralized lymphomatosis  is  not  necessarily  identiml  with  pseudoleukemia, 
or  about  to  become  pseudoleukemia,  so  little  reliance  can  be  place*! 
on  the  transition  of  a  general  ervthr*Mlermia  wiiliout  lymphemia  into 
pseudoleukemia  (that  is,  lymphodermia  i>erniciosa).  The  basic  disease 
may  be  quite  ditrcrcnt  (imiversal  psoriasis,  universal  lichen  ruber,  med- 
icamentons  exanthemata  of  various  kinds),  and  may  have  absolutely  no 
ivlationship  to  pseud nleukcmia,  even  thnugh  it  manifests  similar  pro- 
<lromal  symptoms.  Whether  the  whole  course  of  this  affection  of  the 
skin  from  its  urticarial  or  eczcnia-like  beginning  to  leukemia  and 
tumor  formation  is  to  be  considered  an  increase  in  intensity  of  one  dis^ 
ease,  or  w^hether  the  pseudoleukemia  which  later  l>ecome^  true  leukemia 
is  accidentally  superadded  as  a  com])lication  to  a  universal  dermatitis 
of  long  stiinding,  is  a  question  that  our  present  knowledge  is  unable  to 
decide. 

The  course  of  pseudoleukemia  is  usually  slow  and  manifests  no 
paroxysmal  exacerbations*  The  glands  often  remain  the  some  size  for 
months  and  years  at  a  time,  occasionally  becoming  smaller,  stmietimes 
as  a  result  of  therapy,  again  sfH>ntanc<jusly.  The  blood-picture  shows 
but  slight  variations  •  as  a  rule,  the  prt'jportion  does  not  pass  the 
bijnndarlea  previously  set  dow^n  for  it — namely,  W,  :  R.  ==;  1  :  200  to 
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1  :  100,  and  occasboally  it  improves  soniewliat.  Still,  sc»metimes  we 
see  a  i>iulileii  (Tri>usseiiu)  universal  eulargcintnt  of  tbe  lym]»h  glands 
(the  enlargement  up  to  t\m  time  being  ooufiiRKl  to  the  cervioil  regitm) 
exactly  similar  to  that  ul)8erved  in  Ivniphatic  U^ukeiuia. 

Fever  is  not  a  f"ret|ueut  symptom  of  pseudoleukemia.  Mure  atten- 
tion will  be  devoted  to  the  peeuHnr  pseodoleukeoiia-Hke  affection  de- 
scribed as  chronic  relapsing  fever  in  the  discussion  of  the  diagnosis* 

Tlie  manner  of  tienlh  is  exactly  similar  to  that  d€*seril:>e<l  in  lymphatic 
leuteinia.  It  is  the  result  either  of  intercurrent  disease  Wtbre  the 
pseudoleukemia  itself  has  bet^orae  threatening,  or  (and,  in  fact,  more  fre- 
quently than  in  leukemia)  of  obstruction  to  respiration  by  the  immense 
tumons  about  the  air  passage.s.  When  life  is  not  prematurely  termi* 
nated  by  these  means^  the  disease  itself  progresses  to  tleath  by  a  slow 
cachexia  or  otherwise  almost  without  exception  by  transition  into  an 
dcute  ieuknnia, 

Nevertlieless,  in  this  form  of  lymphomatosis  the  [jrognosis  is  not  so 
absolutely  hopeless  as  in  leukemia.  In  a  certain  nural>er  of  cases,  by 
energetic  treatment  with  arsenic^  we  are  able  to  bring  the  disease  to  a 
standstill  or  even  sometimes  to  a  long-continued  inipn:>vement.  "^'et, 
whether  a  genuine,  fully  developed  pseudoleukemia  can  be  completely 
cured,  is  a  question  that  can  not  at  pi^esent  be  decided  with  certainty. 


PATHOLOGIC  ANATOMY. 

The  postmortem  appearance  of  &f>ft  i)seudoleukemic  lymphomata 
simulates  exactly  that  described  for  lymphatic  leukemia*  While  in  this 
soft  form  we  see  only  a  general  hy|>t^r|>lasia  of  tlie  parencliyraa,  in  the 
hard  form  we  find  a  structure  in  which  the  incre^ise  of  the  c^mneetive- 
tissue  stroma  is  conspicuous.  As  we  shall  learn  later  in  the  discussion 
of  the  diagnosis,  the  sharj>  distinction  of  this  form  fmm  similar  clinical 
processes  (especially  tul^erculosis)  has  l>ec<ime,  to  a  certain  extent,  con- 
fused during  i-eccnt  years  because  cases  fr^mi  the  older  literature,  which 
ibmish  the  chief  contingent  f<»r  the  study  of  the  [mthologic  anatomy, 
have  not  been  submitted  to  the  criterions  demanded  by  the  preeent 
time, 

Tliese  glands  are  also  round  or  oval,  flattened  against  one  another, 
hard  and  inconipressible  to  the  finger,  and  often  cut  with  difficulty  or 
even  grate  under  the  knife.  Their  cut  surface  is  grayish  white  to  yel- 
low, dry,  does  not  well  up,  and  is  often  uniformly  fibnjus  or  is  crossed 
by  whitish-yellow,  tliii-k  bands. 

The  spleen  is  fretpiently  cliaracterized  by  an  extraorrlinar^-  size 
scarcely  ever  seen  in  true  lymphatic  leukemia.     It  is  enlargLnl  in  at]  its 
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dianieters,  and  so  appeiirs  likf  a  giunt  h^p!et»ii  uf  nunnal  i^hai)^.  These 
pseuiJuleukemic  splttius  exactly  re^^t^nible  the  lympliatii^  leukemic  in 
structure.  They  are  hard,  usually  riddletl  with  very  hard,  ^vhitish  (in 
niihi  gmdes  transiucent),  ruuud  or  oval  iioduleiii.  The»<j  uodulej^,  some- 
times  ennflueut,  are  iRMietnited  by  veasels  and  tH>rres|Mind  t<»  tlie  en- 
lai^nl  tollieles,  lietvveen  which  remains  of  tiie  brownish-red  splouif  pulp 
are  seeo  iu  the  shape  of  broad  bands  (Langhans), 

The  bone-marrow  has  not  l»een  studied  as  re^ndarly  as  its  irajxir* 
tanee  demands.  In  cases  where  it  was  examined,  it  was  frequently 
found  altered  iu  exactly  tlie  same  way  as  in  outspoken  lym|ihatic  leu- 
kemia. The  peculiar  bone  eouditious  seen  in  multiple  myelomata  and 
its  osteosclerotic  varieties  will  be  dei^eribtKl  with  the  ctther  affet'tions 
coming  into  consideration  in  the  diflerential  diagnosis,  since  we  are  not 
justified  in  considering  any  of  these  cases  pseudoleukemia  (as  a  variety 
localized  in  the  bones)  without  further  study. 

The  histologic  Structure  of  tlie  ))scMrdoleukemic  lymphomata 
correspmds  exactly  with  that  of  lymphatic  leukemia.  In  extirpated 
glands  (GoldmauD,  Fischer)  the  normal  arrangement,  with  the  prolifera- 
ting center  of  large  cells  and  tlie  peripheral  layer  of  small  cells,  i«  ^till 
retained  just  as  Biz/jizero  descril>ed  in  leukemia.  True,  Neumann's 
accumulations  of  e<isinophile  cells  have  been  observed  by  Goldraann, 
yet  this  finding  is  apparently  nut  characteristic,  since  it  is  found  also  in 
other  varieties  of  lympht^mata  (Fisi*hcr),  and  is  by  no  means  constant 
in  pseudolenkemia* 

The  |iarenchyraa  of  the  hanl  form  is  likewise  composed  of  lympho- 
cytes, thfiugh  we  also  find,  as  Ljinghans  has  pointe<I  out,  polynu(4ear 
cells  with  nuclei  regularly  distributed  thmugliout  the  cell  IxKly.  These 
cellular  constituents  are  more  or  less  prominent,  depending  on  the 
amount  of  connective-tissue  stnjma.  This  develops  into  hard,  fil»rous 
bands  which  may  C4>m press  the  lymphatic  tissue  here  and  tliere  to 
almost  nothing.  All  ti-ansitions  up  to  this  sclerotic  form  are  seen  in 
the  different  cases,  and  sometimes  even  in  glands  of  the  same  case, 

[T)orothy  Reed/  iu  a  caivful  liistologic  study  of  the  glandular 
lesions  of  Hmlgkin's  disease,  found  lesions  that  she  regaixled  as  of  a 
perlectly  iletiuite  nature.  There  was  a  primary  hyperplasia  of  the 
lymphadentud  tissue  with  a  |iroliferation  of  the  endothelial  ceils,  form- 
ing mononuclear  and  fnilynuclear  giant  coll^,  and  later  a  markerl  thick- 
ening of  the  reticular  tissue  of  the  glands,  jn  the  form  of  coarse  anas- 
tomosing bands  of  connective  tissue.  Abundance  of  eosinophile  ccUb 
was  a  noteworthy  feature*  Very  similar  histologic  lesions  were  found 
»  John%  JJopkinn  Hottp,  Rep,,  1902,  vol.  i,,  p.  133. 
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by  Simmons'  and  Tx>iigcopt\*  Loiigcopt*  de^erilies  in  the  earlier  stages 
hyperplasia  nf  the  lympliadeni)id  tissue,  a  iimssing  in  the  :;iniii*es  of 
epithelioid  eells,  giant  eells  and  eosioophilie  leukocytes,  and  thickeiung 
of  the  reticuhinu  Liiier  the  normal  Btruetnre  of  the  gland  is  lost,  and 
there  i.s  seen  a  retietihmi,  in  the  meshes  nf  whicli  are  found  large  and 
small  lymphoeytesj  plasma  ^L-ells,  polymorj)h<tnnelear  leuk<X'ytes,  large 
uninuelear  and  ninltinuelear  giant  cells,  efntlielioid  cells,  and  eosinophile] 
leukocytes.  Occasionally,  by  their  rapid  diviHionj  the  epithelial  oelUj 
form  islands  of  syneitium.^^ED.] 

When  retrogressive  changes  are  found  in  tlie  psendoleukemic  tumors^ 
(especially  in  the  lymph  glands)  the  diagnosis  at  once  becomes  doubtfid,  i 
In  these  cases  a  careful  inve^^tigation  should  be  made  to  determine  ] 
wliether  it  is  not  a  tum<ir-like  tuberculosis  (Steruberg)  or  u  eomblnatioci  j 
with  tuberculosis  (Fisi-her). 

ETIOLOGY, 

In  regiird  to  the  excitant  of  pseudoleukemia,  our  knowledge  is  no ! 
grejiter  than  in  lymphatic  leukemia.  Often  as  the  dkeajse  has  l>een 
described  as  infectious,  and  often  as  microoi^nisms  have  been  found 
in  it  or  tumors  pn>duced  by  the  injection  of  pieces  of  the  lymphomata 
into  animals  (Roux  and  Lannois,  Ddhet),  we  have  as  yet  no  convincing  i 
proof,  though  the  pr(»bability  is  great,  thai  the  ptxsitive  inoculaiion 
experiments  represeuteil  cases  of  tuberculosis,^ 

Since  Trousseau's   time,   hx^l   affections  of  lymphatic    structures, , 
especially  about  the  head  (for  instance,  enlargements  and  abs^c^sses  of 
the  tonsils),  have  been   considered  as   forerunners  of   the  disease  on 
acamnt  of   the  fact  that  the  opemtive  treatment   (extiqiation  of  the^ 
tonsils  and  glands   by  the  knife)  is  not  rarely  followetl  by  a  sudden 
eruption  of  lymphomata  over  the  whole  body. 

Amrmg  otlier  forerunners  a  large  number  of  infectious  diseases  aPe 
mentioned— for  inslanee,  malaria  (frequent),  typhoid  fever,  syphilifl 
(Peter),  mciisles,  and  scarlet  te\'er ;  also  the  sting  of  a  l>ee  (Billroth), 
The  occur reuee  in  f«miilies  observed  by  Casati  (ten-year-old  girl,  father 
and  grandmother),  Biermer  (2  sisters,  age  from  three  to  four  years), 

»  Jour,  of  Med.  Mesearek,  190S,  p.  378. 

'  /?«//.  of  (he  A^er  din,  I^b.  of  thf  Penna,  Hntp,^  No.  1,  Oct.,  1908, 
*  Delbet  mLHes  this  assumption  to  the  level  of  a  certainty  when  he  «ir»  (quoted  fW«n  ' 
Kudler) :  *' Clini willy  we  have  to  deteiiiune  the  nature  of  n  diseaf^e  tbt*  stym|itom*r< im- 
plex of  whk'h  is  defined.  'When  we  lincl  causes,  therefore,  in  which  nil  the  c'hanicterl<ic 
E^Tmptoin8  are  present  (generalised  enlargeDient  of  the  gland^s  leitkocTtnt^Is,  its  peeiUi&r 
cachexia) ^  we  jire  forced  to  the  diagnopiB  of  lymphadenoina.  Pinther,  when  bicli*rit^ 
logical  eianiinution  and  animal  exfiennientjition  ^^liow  I  hat  the  cttf«e  is  tuberculosis,  we 
must  logically  conekidc  that  certain  ciu^es  of  lyniphudenoinii  &r&  of  u  tubercoUt  tynureb" 
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Eichhorst  (twelve-year-old  son  and  father),  Orthner  (2  sisters,  though 
in  one  the  disease  was  not  diagnosed  with  absolute  certainty),  Croq  fils 
(mother  and  child),  Senator  (twin  sisters),  has  also  been  brought  for- 
ward in  support  of  its  infectious  nature  (Pawlowsky,  Rudler). 

The  predisposition  of  the  male  sex  is  marked  ;  that  of  age  (between 
twenty  and  forty  years)  not  so  striking. 

As  a  matter  of  fact,  this  question  will  be  cleared  up  only  when  the 
diagnosis  is  hiade  with  that  precision  which  our  present  knowledge 
allows.  Unfortunately,  thus  far,  careful  separation  from  similar  clinical 
forms  has  not  been  possible  in  all  cases. 

DIAGNOSIS. 

The  definition  of  pseudoleukemia  has  always  been  one  of  the  most 
contested,  and  only  recently  have  we  begun  to  see  light  through  the 
confused  mass  of  symptoms.  From  the  beginning  Virchow  maintained 
that  the  designation  pseudoleukemia  signified  nothing  more  than  a 
collection  of  many  very  different  diseases. 

Among  the  numerous  synonyms  by  which  this  disease  has  been 
described  there  are  several  which  must  be  separated  as  special  diseases. 
Among  these,  in  addition  to  the  large  division  of  malignant  lymphomata 
(that  is,  cases  falling  under  the  definition  of  Kundrat*s  lymphosaroo- 
matosis),  we  have : 

Splenic  anemia  (Striimpell) ;  anaemia  pseudoleuksemica  infantium 
(v.  Jaksch) ;  chronic  relapsing  fever  (Ebstein) ;  multiple  myelomata 
(Rusticky). 

In  the  introduction  and  later,  in  the  course  of  our  remarks,  we  have 
repeatedly  maintained  that  only  those  cases  should  be  designated  pseu- 
doleukemia which  show  lymphadenoid  tumors  and  a  relative  increase 
of  lymphocytes  in  the  blood,  and  that  a  case  with  no  alteration  of  the 
blood  in  connection  with  the  lymphomata  should  not  be  considered  as  such. 

At  the  beginning,  then,  we  must  insist  that : 

1.  So  far  as  the  lymphomata  are  concerned,  we  must  consider  only 
lymphadenoid  accumulations  which  exactly  resemble  those  of  lymphatic 
leukemia ;  consequently,  any  other  pathologic  finding  forces  the  case  out 
of  the  pseudoleukemic  group. 

2.  In  regard  to  the  blood,  there  must  be  a  relative  increase  of  lym- 
phocytes, yet  the  proportion  of  W. :  R.  must  not  be  greater  than  1  :  200 
to  1  :  100. 

We  must,  therefore,  first  of  all,  separate  a  large  number  of  cases 
showing  no  blood-alterations  in  which  the  tumors  have  been  demon- 
strated to  be  a  peculiar  form  of  tuberculosis. 

40 
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[Dorothy  Keed  ^  has  strongly  opposed  the  tuberculoas  nature  of 
pseodoleukemia,  and  has  oontribated  a  study  which  is  entirely  oonvinc- 
ing  that  some  of  the  cases  of  pseudoleukemia  are  not  tuberculous.  In 
the  8  cases  of  her  series,  1  was  found  at  death  to  have  lesions  of 
miliary  tuberculosis  and  tubercles  were  found  in  the  lymph  glands. 
It  was  quite  apparent,  however,  that  the  tuberculosis  was  a  superim- 
posed condition.  In  2  other  cases  of  the  series,  autopsies  were  obtained 
and  no  focus  of  tuberculosis  could  be  discovered.  In  the  remaining  5  cases 
the  lymph  glands  were  obtained  at  operations  and  they  alone  were  ex- 
amined. Nothing  suggesting  the  histologic  picture  of  tuberculosis  was 
seen,  and  tubercle  bacilli  were  searched  for  in  the  stained  sections  without 
result  Inoculation  experiments  in  guinea-pigs  and  rabbits  were  made 
in  3  cases.  In  1  (the  case  in  which  miliary  tuberculosis  was  super- 
imposed) the  animal  died  and  general  tuberculosis  was  found.  In  the 
other  cases  inoculation  experiments  gave  absolutely  n^ative  results. 

W.  T.  Longcope*  has  studied  a  series  of  8  cases  and  arrives  at 
opinions  identical  with  those  of  Reed.  In  not  one  of  the  4  autopsies 
of  this  series  could  any  focus  of  tuberculosis  be  discovered,  although  it 
was  searched  for  with  great  care.  The  lesions  in  the  lymph  glands, 
spleen,  and  liver  showed  no  resemblance  to  tuberculosis,  and  numerous 
searches  through  the  sections  revealed  no  tubercle  bacilli  in  any  one  of 
the  8  cases.  Portions  of  tlie  glands  from  4  of  the  different  cases  in- 
ocidated  in  the  peritoneal  cavity  of  guinea-pigs  caused  no  disturbance 
of  the  health  of  these  animals  after  six  or  nine  months  or  even  longer. 
At  the  end  of  this  period  they  were  killed,  but  at  autopsy  both  ana- 
tomic and  bacteriologic  examinations  proved  n^jative.  On  the  other 
hand,  control  guinea-pigs  inoculated  with  portions  of  tuberculous  lymph 
glands  died  of  general  miliary  tuberculosis  within  three  and  a  half 
weeks.  Longcope  concludes  that  when  tuberculosis  occurs  in  combi- 
nation with  Hodgkin's  disease,  it  can  only  be  regarded  as  a  secondary 
infection. 

Simmons'  studied  a  series  of  9  cases,  4  of  which  proved  fatal. 
Autopsies  were  obtained  in  3.  In  2  of  the  autopsy  cases  there  was  a 
complicating  tuberculosis,  but  in  5  other  cases  in  which  inoculation 
experiments  were  made  with  portions  of  the  lymph  glands  the  result 
was  negative.  Simmons  concludes  that  Hodgkin's  disease  is  an  entity 
whose  histologic  appearance  is  definite,  and  that  it  has  no  relation  to 
either  leukemia  or  tuberculosis,  though  the  latter  may  coexist — Ed.] 

^  Johns  Hopkim  Has.  Rep.,  1902,  vol.  x.,  p.  133. 

»  Bull,  of  the  Ayer  Clin.  Ixib.  of  the  Penna,  Hosp.,  No.  1,  Oct.,  1903. 

»  Jour,  of  Med,  Besedrchy  1903,  vol.  ix.,  p.  373. 
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The  differentiation  of  the  other  syniptom-complexes  meiitioncd  above 
may  be  cvt'ii  more  dilHcolt,  since  we  have  not  the  etiologic  factors  evi* 
dent  io  tuberculosis  to  aid  us, 

1.  Ansemia  pseiidoleuksemica  infantium  (v,  Jaksch),  atiiemia 
splenica  uf  I^nglish  writers,  or  pseiidopernioiims  anemia  of  children 
(Ehrlich),  This  consists  of  a  htgh-gnide  anemia  characterized  by  a 
bkxxl-picture  recalling  somewhat  pernicious  anemia.  We  find,  for  in- 
stance, nuoleatetl  rmd  hlocxl -corpuscles  (megalobkists  and  uormobhistg), 
a  diminutitm  in  the  number  of  erythrocytes,  frequently  a  marked  in- 
crease in  leukocytes,  and  the  appearance  of  niyelficytes  (Ehrlich,  Engel ; 
the  bhxKl-picture  of  the  case  reporteil  by  Bk»ch  and  Hirschfeld  [i^ee  p, 
555]  as  leukemia  rcBemyes  exactly  ansemiapseudoleuktemica  infantium). 
Unfortnnately,  accnrate  descriptions  of  the  blood-finding  are  wanting 
in  most  o{  the  rejjorts  (Symes,  Hoc^hsiuger — Ketmrts  un  the  Anemias  of 
Children,  by  Fischl  and  Siegert ;  Henf>ch  will  allow  no  differentiation 
to  be  V>ased  on  the  Vjloo<l-findiug,  which  he  considers  as  a  ^*  Wechsel  anf 
die  Zukunft")»  and  we  arc  con sequently  thrown  Ixick  on  tirie  other 
clinicjil  symptoms  for  the  definition  of  the  disease.  The  di^sease  affecte 
especially  young  children  between  tlie  ages  of  nine  months  and  two 
years.  It  terminateB  either  in  dtmth  or,  after  lastiog  months,  in  rt*- 
covery.  Its  most  eonspjcuous  characteristic  is  a  hard  (sometimes  very 
hard),  sni(x»th  swelling  of  the  spleen,  which  is  often  visible  tlirough  the 
emaciated  alxlominal  wall,  and  Uj  whicli  Battersby  called  attention  tm 
far  back  as  1849,  The  liver  is — in  contrast  to  the  very  great  eulargip- 
ment  almost  regularly  seen  in  the  leukemias  of  very  young  children 
— ^not  very  much  enlarged,  and  retains  its  sharj)  inferior  margin 
(v.  Jaksch).  The  anemia  is  evidenccKl  hy  the  pjdior  and  puffiness  of  the 
skin,  which  frequently  shows,  especially  on  the  face,  a  diffuse  siUphur 
yellow  or  sometimes  a  more  circumscribed  yellow  tone  (Symes),  diminn- 
tion  of  the  re<l  and  often  marke*!  increase  of  the  white  bloixl -corpuscles. 
In  addition  we  find  hemorrhages  into  the  skin,  and  the  mucous  mem- 
brane of  the  nose,  month,  and  intestine. 

Further  investigations  are  mx^^ssar)'  to  show  whether  this  blt»od'^ 
picture  (with  megidolJasts  and  myelocytes)  is  a  constant  feji tare ;  for 
if  it  is»  the  differentiation  from  outspoken  cases  of  lymphatic  leukemia 
would  become  relatively  easy.  The  remaining  clinical  symptoms  are 
not  sufficiently  definite  for  a  differential  diagnosis  fnitm  leukemia  or  a 
series  of  other  anemic  conditions  of  children.  High-grade  leukocytoeeB, 
such  as  may  occur  in  this  affection,  have  apparently  not  the  same  sig- 
nificance in  children  as  in  adults  (v,  Jaksch).  Moreover,  a  predomi- 
Bance  of  the  lymphocytes  is  to  \>e  considered  the  rule,  even  DormalljT 
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Showing  tari^  ialanda  of  almost  unci ifTorentia led  protopin**!!!  t^^tntnining  nuclei  of 
the  (^ant-cell  tvpe*  Too  Homewhnt  isoklc^l  cells  are  imdei^iinrj  mitwiH,  ♦Siirrtinn«ling 
the  iMlantis  are  seen  lymphoid  cells,  ptasmn  celli^  epithelioid  cells,  giant  cells,  and 
eotunaphillc  leukocrtes  lying  in  a  network  of  redcultim  (Longeope). 
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(LooBy  Engel);  Bearing  in  mind  these  uncertainties,  we  must  realize 
that  only  those  cases  which  have  been  subjected  to  our  modern  methods 
can  give  anything  like  positive  evidence  in  regard  to  the  relation  of  this 
disease  to  leukemia. 

The  frequent  occurrence  in  syphilitic  children  gives  rise  to  special 
difficulties.  In  these  cases  the  basic  disease  may  produce  quite  similar 
symptoms  (diffuse  hereditary  syphilitic  infiltration  of  the  skin  [Hoch- 
singer]  ,*  marked  enlargement  of  the  spleen,  moderate  tumor  of  the  liver, 
high-grade  anemia)  to  both  anaemia  pseudoleukromica  infantium  and  true 
leukemia.  The  same  may  be  said  of  the  pathologico-anatomic  finding 
(round-cell  infiltration  of  the  parenchymatous  organs)  and  of  the  blood- 
picture  (nucleated  red  blood-corpuscles  [Loos] ,  lymphocytosis  [Engel]). 
Moreover,  specific  therapy  aids  little  in  the  diagnosis,  since,  on  the  one 
hand,  mercury'  and  iodids  do  not  always  cure,  and,  on  the  other,  the 
disease  not  rarely  terminates  favorably  without  specific  treatment. 

A  larger  number  of  cases,  carefully  examined  according  to  the  de- 
mands of  modern  diagnosis  and  compared  with  the  normal  conditions^ 
is  likewise  necessary  to  make  this  sulyect  clear. 

2.  Splenic  Anemia  (Striimix^ll). — On  account  of  our  defec^tive 
knowledge  of  the  normal  conditions,  and  on  account  of  the  small 
amount  of  available  material,  the  relations  of  the  disease  described  by 
Strumpell  as  splenic  anemia  to  pseudoleukemia  and  lymphatic  leukemia 
are  even  less  definite  than  those  of  ansemia  pseudoleukajniiea  infantium. 
The  rarity  of  the  disease  leaves  us  with  insuflScient  material  on  which 
to  form  a  judgment  of  the  nature  of  the  disease.  It  is  sometimes  reck- 
oned with  the  severe  essential  anemias,  again,  with  lienal  pseudoleu- 
kemia. It  is  characterized,  in  addition  to  the  symptoms  produced  by 
enlargement  of  tho  splec^n,  by  a  high-grade  anemia,  expresse<l  by  an 
oligochromemia  and  olij^ocytliemia,  which  are  sometimes  associated  with 
a  mild  leukocytosis.  The  not  rare  pamxysmal  course  (somewhat  like 
that  of  peraicious  anemia)  is  ])articularly  noticeable,  the  most  marked 
anemia  and  enlargeTn(Mit  of  the  spleen  alternating  with  evident  and 
long-lasting  remissions.  Moreover,  we  must  contest  the  designation 
lienal  pseudoleukemia  for  the  Simie  reasons  that  we  offered  against  the 
designation  lienal  leukemia.  We  should  not  name  the  leukemia  from 
the  organs  showing  the  greatest  change,  but  from  the  kind  of  change, 
and  we  should  j)roceed  in  the  same  way  in  the  naming  of  the  varieties 
of  pseudoleukemia.  Though  certain  cases  of  this  anemia  are  found 
associated  with  an  increase  in  lymphocytes,  we  have  no  case  associated 
with  the  occurrence  of  myelocytes ;  consequently,  as  the  cases  of  gen- 
eralized lymphomatosis  with  lymphocytosis  arc  placed  in  close  relation 
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to  lymphatic  leukemia,  so  these  cases  of  Bplenic  anemia  with  lympho* 
cytosis  should  occupy  the  mmc  position. 

[The  cniitributiooH  to  the  pathology  of  "splenic  aDemia'*  that  have 
recently  iippearcd  ^  do  not  support  the  old  view  that  this  conditioo  is  a 
form  of  splenic  pseudoloukcniia.  It  is  que.stiooable  whether  the  ocjd- 
ditions  dcsignatetl  by  the  term  splenic  anemia  all  belong  to  a  single 
class.  There  is  some  evidence  to  show  that  different  jiathologic  proc- 
esses have  sujierficial  reseinhlauoes  that  makes  their  clinical  'differen- 
tiation difficult  (ir  impossible.  At  any  rate  there  is  not  at  the  present 
time  much  evidence  to  justify  the  classification  of  the  condition  with 
pseudolcykemia.  Many  of  the  recorded  cases  have  bhowii  normal  or 
practically  normal  conditions  of  the  blood.^ — Ed*] 

t3.  Chronic  Relapsing  Fever  (Ebstein). — Under  this  name  a 
disease  was  descriljcd  which  runs  a  coui*se  exactly  like  that  reported  first 
by  Pel  (though  previously  recognized  by  others — Growers,  Murchison) 
as  a  special  form  of  pseudoleukemia,  Its  characteristic  is  a  regular 
alternation  of  pyretic  and  apyretic  peritxls,  which  last  from  one  to  three 
weeks  or  sometimes  less,  A  splenic  tumor  becomes  at  the  same  time 
clinically  perceptible,  which  fre<]uently  increases  and  decreases  with  the 
|>aroxysms  and  remissions.  More  rai*ely  we  find  lymphomata  and 
other  localized  sarcoma-like  round-cell  tumors.  The  anatomic  picture 
frequently  suggests  lymphosarcoma  or  H<Hlgkin*s  disease,  consisting,  as 
it  does,  of  a  malignant  tumor  (Hammer  suggests  sarc<ima,  hut  compare 
what  is  said  about  this  case  under  multiple  myeJomata)  situatc<l  in  some 
<>ne  or  other  lymphoid  organ  (glands,  spleen,  bone-marrow).  The  diag- 
nosis of  these  cjises  is  made  more  difficult  by  the  ixjcnrrenee  of  very 
similar  symptoms  in  severe  malaria  (van  der  Schcer)  which  terminates 
in  recovery  j  though  quinin — ^usually  effective— fails,  and  arsenic  alone 
proves  successfid,  exactly  as  in  pseodokukemia.  A  similar  recurring 
fever  has  been  sometimes  obseTve<l  in  other  malignant  tumors  (Hampf4n, 
Ka,^t),  and  is  to  be  attributed  to  their  irregular  growth.  Further^  even 
in  the  cjises  reckoned  as  pseudoleukemia,  tlic  finding  is  not  always  a 
pure  lymphadenoid  one  (spindle-  and  epithelioid -cell  tumoi^,  Schottelius 
in  Volckcf-s  case),  and  this,  in  connection  with  the  combination  (even 
though  i>ossibIy  accidental)  of  a  previously  existing  skin  tuberculosb 
(Hanser),  supports  the  idea  expressed  by  Sternberg,  and  before  him  by 
Askanuzy,  that  we  often  have  to  do  in  these  cases  with  the  peculiar 
tulxTcular  lymphomatii  which  simulate  pseudoleukemia.  The  expla- 
nation of  the  disease  picture,  in  short,  as  a  modification  of  pseudo- 
leukemia, can  scarcely,  therefore,  be  considereci  complete.  Whether 
*  Sipjwy,  Osier,  BolIeHton,  Brill,  F.  Taylor,  Stengel. 
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caeee  of  psemloleukeroia  with  intermittent  fever  are  to  l>e  regarded  a.s  a 
Bpeeiftl  class  must  be  left  to  future  iDvestigatioo.  So  far,  neither  the 
pathologic  anatomy  nor  the  blood  histology  is  sufficiently  understoixl  to 
decide  the  pro]>er  classification  of  these  cases* 

4.  I/ymphosarcoixiatosis« — Recognizeil  among  the  first  of  the 
lymphatic  processe.s — though  sharply  defined  only  later  by  Kundrat, 
who  associated  it  with  pseudoleukemia — this  afl'ectioti  may  prove  ex- 
ceedingly difficult  of  diagnosis.  The  name  lymphosarcoma  is  used  in 
its  old  signifitsitionj  somewhat  modified  and  narrowed.  Like  the  foruis 
of  generalised  lymphomata,  the  disease  takers  its  origin  from  the  lym- 
phatic organs,  .from  the  proliferating  tissue  of  the  lymph  glands,  the 
follicles?  of  the  spleen  or  other  preformed  ctjileetion  of  lymphocytes  ; 
and,  like  all  lymphatic  tumors,  esjM?cially  in  the  region  of  the  head, 
fix>m  the  mucous  membrane  of  the  throaty  the  tonsils,  and  the  skin 
glands.  The  greater  number  of  these  lymphosarcomata  sensu  strictiori 
can  ue%*er  l>e  confused  with  pseudoleukemie  tumors,  since  they  occur  as 
circumscribed  masses,  showing  eiirly  ulceration,  especially  on  the  mucous 
membrane  of  the  mouth  and  upper  air  passages  (Stork),  while  pseudo- 
leukemie, like  lymphatic  leukemic,  tumor?,  ucver  show  a  primary 
breaking  down. 

Still  we  often  meet  serious  difficulties  in  the  frequent  cases  in  which 
the  tumors  take  their  origin  in  the  lymph  glands  (especially  of  the 
neck),  and  in  tlie  rarer  eases  in  which  the  spleen  alone  seems  affected, 
and  iucreases  occasionally  to  extraortlinary  dimensions  (Turck).  Never- 
theless, the  similar  coui-se  of  the  latter  to  a  malignant  tumor  makes  an 
evident  difference  between  it  and  pseudoleukemia. 

We  have  learntxl  to  recognize  pseudoleukemia  and  lymphatic  leu- 
kemia as  generalized  lymphomatoses,  in  which  the  tumors  remain  local- 
ized in  capsulated  organs  (especially  lymph  ghmds),  after  the  fashion 
of  a  l^enign  tumor,  never  jmss  over  these  prescrilieHl  btnindaries,  and  in 
their  growth  only  force  to  one  side  and  compress  the  neighboring  tissue 
wi  the  Kit  destroying  it.  Moreover,  their  manner  4>f  distribution  is  not 
like  ttie  dissemination  or  metastasis  of  malignant  tumors ;  on  the  con- 
trary, these  lytuphomata  are  hyperplasias  of  the  tissue  normally  present 
at  the  site  wliere,  s{K'aking  geuenilly,  the  sj>ecifjc  irritation  arose.  In 
contrast  to  this  lymphosarcoma  is  a  local  proccsse  which,  after  the  fashion 
r»f  a  mali^''naTjt  tumor,  is  capal»le  of  bpAiking  through  everything  in  its 
immetliate  neighborhood,  and  spreading  from  its  primary  hx^atioD 
throughout  the  body  by  means  of  the  lymph  vessels.  Since  this  dis- 
semination prix^eeds  gnidually  from  one  gronj)  of  glands  to  another,  and 
since  the  primaiy  tumor  is  absolutely  localized  to  lymphatic  structures 
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(glands^  lympli  follicles,  or  other  accumiilatioDs  of  lympbadenoid  tis&ne)jr 
we  fi tid  multipli!  lympbatic  tumors,  as  iu  leukemia  a»d  psetidoleukeniia. 
Moreover^  ^incc  the  ohJeSt  foci  are  iiL^t  nece^arily  the  largest,  we  may 
find  krge  tumors  far  distant  from  the  primary  focus  and  only  coDDected 
with  it  by  an  unbroken  chain  of  very  .^mall  ones.  Still,  the  secondary 
tumors  are  uBually  distributed  in  a  gradually  decreasing  size  from  the 
primary  ones>  so  that  X\mm  farthest  away  are  also  the  smallest  (Kundnit). 

When  the  niaHgnaney  of  the  process  is  shown  by  the  non-oonfi«e*' 
ment  of  growth,  the  diagnosis  between  lymphosarcoma  and  leukemia 
or  pseudoleukemia  is  even  el  initially  easy.  But  so  long  as  the  lymph 
gland  tumors  do  not  l^reak  through  their  capsule  and  invade  the  gur- 
rounding  tissue,  the  dilfcrentiatjon  from  pseudoleukemia  and  leukemia 
is  clinically  impossible.  True,  sometimes  the  simultaneous  i*ccnrreDce 
of  a  lymphosarcoma  in  the  neighboring  mucous  membrane  (particularly 
of  the  throat)  permits  a  positive  diagnosis*  Yet,  in  general,  we  must 
base  our  decision  on  the  blood-finding,  which  in  leukemia  anrl  pseudo- 
leukemia, shows  an  increase  in  lymphocytes ;  in  lymphosarcoma,  either 
a  normal  count  or  even  a  decrease  (sometimes  extreme)  in  lymphocj'tes 
(Reinbach,  Tiirckj  see  this  Vob,  p.  82). 

Therefiire,  a  positive  diagnosis  as  to  whether  we  are  dealing  with 
leukemia  or  not  can  be  made  only  from  the  bloml-findiug.  Yet,  with 
an  absence  of  the  cliaracteristie  lymphocytosis,  the  anatomic  examina- 
tion of  the  tomor  itself  is  alone  sufficient  to  tell  whether  the  case  is 
one  of  lymphosarcoma  or  some  other  form  of  lymphoma,  particularly 
the  peculiar  tuberculous  form  previously  described. 

The  study  of  the  hLstology  of  the  blood  will  fail  us  in  only  one  <^*»e, 
namely  :  when  a  lymphosarcoma  is  grafted  on  an  already  e^xisting  lym- 
phomatosis (usually  a  pseudoleukemia  with  the  projKjrtion  of  reds  to 
whites  unaltered),  a  combination  which  is  not  rarely  observed  and  which 
leads  to  the  view  of  a  genetic  relationship  between  the  two,  somewliat 
similar  to  that  presupposed  in  the  origin  of  a  malignant  tumor  from  a 
benign  one  (Tiirck)*  In  this  case,  when  the  clinical  picture  is  deficient, 
the  microscopic  examination  of  the  afl'ected  organ  alone  is  capable  of 
leading  to  u  diagnosis.  While  in  pseudokukemic  lymphomata  the  cajv 
sule  is  always  respected  and  other  adenoi*!  n<Kluk»s  are  developer  1  not 
by  metastases  from  this  lymph-cell  accumulation,  but  from  cells  origi- 
nally in  loc<j  ]  the  nodules  of  lympliosarromatosTS  grow  unchecke<i  beyrmd 
the  natural  boundaries,  breaking  tlxmugb  the  capsule  at  different  plat*es, 
Tnie,  within  the  individual  lymphatic  organs  in  leukemia  and  pseudo- 
leukemia, we  frequently  find  a  confusion  of  the  different  psirts  normally 
separated  from  one  another  (the  cortical  nodules  and  medullary  banda 
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of  the  lymph  glands,  the  lym{^  follicles  in  tho  T^pUvu  «ntl  in  th« 
mooous  membranes)  on  account  of  the  fact  that  tlH\v  an»  not  >triotly 
held  apart  by  connective-tissue  ^^ulls  and  slight  distur))iuuHV4  n^idily 
lead  to  their  confluence.  In  this  case  the  urmnprcnicnt  of  the  cle* 
ments  and  the  shape  of  the  cells  must  act  as  the  criterion,  In 
pseudoleukemia  we  find  only  tlie  simple  struct un»  dwerilnHl  under 
the  pathologic  anatomy,  in  other  wonls,  the  adenoid  tissue  iM>UHists  tif  a 
more  or  less  rich  uniformly  arrangcil  tH>nnwtive-tissue  n»tieulutu,  in 
which  are  deposited  the  round  cells  corn*s})onclinp:  to  the  sniall  lyntpho* 
cytes.  The  tumors  of  lymphosarcomatosis,  on  the  w)ntniry,  am 
(according  to  Kundrat)  characterizeil  by  an  irregular  arnuigenu^nt  of 
the  stroma  and  a  smaller  number  of  larger*Hir.i«<l  cells. 

[Turk  *  discusses  the  lymphomatoses  dividing  them  into  tlin»<»  gi*oups. 
The  chronic  benign  form  and  an  acute  aixl  a  chronic  nuiligiiant  form. 
The  first  two  groups  he  subdivides  into  alyniphennc,  thestiblymphomio, 
and  the  lymphemic.  The  sublymphemic  chronic  benign  fc^rrns  he  iden- 
tifies with  Pinkus'  pseudolymphemia.  The  chmnic  malignant  form  cw>r- 
responds  with  lymphosarcomatosis  which  may  Ik*  IcmmiI  or  gcneraii/(«d.  1 1« 
notes  that  transitional  cases  join  the  diifcrcnt  groups  with  ea<^h  other.  I  In 
holds  that  chloroma  is  an  acute  lymphomatoHiN  with  a  gre<*n  color  of 
the  lymphoid  proliferations,  and  a  special  U^mUmvy  to  involve  the  [M«rl- 
osteum  and  marrow.  He  does  not  r(*gard  tlu^  grc<*n  (!oloration  tin  war- 
ranting special  classification.  The  involvement  of  the  ]H»rumivuutf 
dura,  and  serous  membranes  indimtes  a  moileraU*  malignancy  which  \h 
confirmed  by  the  discovery  of  the  charac*t*?ri«tirs  of  aniU!  Ii'ukemia  In 
the  blood-making  organs.  The  f)oint  he  aims  at  establishing  Im  that  in 
situations  where  the  conditions  do  jufi  favor  iUo  washing  away  of  iim 
cells,  there  is  evidence  of  Iwal  injury,  and  wh<fi  th''  ftMn  are  prtnUw4*tl 
in  great  number  in  the  lymphatic  sy^t^'m  there  i«  hi^'jil  a/'^.fimulafi//ri 
with  formation  of  tumor  ma*»s/fs.  The  hir^l  a/'/tjmtjlatf//nM  ar#f  tnnrii 
likely  U)  of-cnr  in  aleiik^fmic  form^.  I'apj^'idi^'im,  in  di^/fmwing  \Sm 
nature  of  hukemia'  and  tlie  ^iccurr^mryf  ^/f  lymplf^'ffjia  with^^it  itAnr^t^ 
roent  of  the  gland*,  expr^^**^  i\i*t  vi^rw  that  i\ftm'  \n  W9  Aistr^t  divi/Jing 
line  between  jis^fKloUruk/fmia  an^l  lyrnfrfiati<;  hi jk/'f/iia,  Vi\9iti  i\n*  \fr«M> 
ess  i«  or»nfin^  to  tlK-  gbnd*?  an/J  spleen,  tl*^  ttliuu^l  pi/'tiifr  i»  f\tHi  fff 
Hodgkin'-  *IW^^^  hot  wlifti  tb^  \j^mf^^frvimf'»  U  ur/*A*»M  tit^  M/^^J  «t 
ODoe  pte^ent*  tli^  f'f<arv;t/'r  ^/f  hrnjAt^^hh. — K//,] 

Multiple  Myeloma. — W-  *tj!l  ioiv^-  U4i  fit^  dift-r^itbl  'W^itttf^U 
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nagePs  well-known  case  of  lyniphadenia  ossiiim  becomes  especially 
puzzling,  since  tliey  urcur  in  lymphatic  tamorn,  at  must,  only  exception- 
ally (see  Chloronia,  p.  57  J)). 

We  are,  therefore,  not  yet  so  far  advanced  as  to  be  able  to  define 
the  absolute  relation  of  nmUii>Ie  myelomata  or  other  forms  of  this  affec- 
tion to  lymphatic  psciKlulcukcmia.  We  can  no  m^tre  bring  the  cases 
with  a  normal  blmxl-finding  into  thia  category  than  the  cases  of  mul- 
tiple lymphomata  without  lymphcmiii.  It  is  possible  that  tlie  exjieri- 
mental  production  of  changes  in  the  Ixmc-marrow  by  the  artificial  in- 
duction of  albumosyria  (Zuelzer)  may  throw  some  light  on  the  subject. 

[In  a  review,  under  the  title  of  "  Myelopathic  Albumosuria,'  *'  S.  J. 
Meltzer^  refers  to  the  hi6tt*r\^  of  this  c^ondition  and  literature  up  to  the 
present  time.  In  the  recent  [>apcr  of  Simon  *^  the  subject  was  carefully 
reviewed.  Later,  F.  Parkes  Weber,*  ctf»llected  and  annlyxed  the  data  in 
28  reliable  eases.  To  these  Meltzer  now  adds  1  of  Milroy,*3of  Anders 
and  Boston,*  1  of  Boston  alone/  and  1  «)f  Vickcry,*^  all  of  which,  with 
bis  own  case,  make  the  total  numlK^r  of  recorded  instances  35*  He 
believes  that  the  number  of  cases  does  not  adequately  represent  the  fre- 
quency of  the  condition,  since  there  are  cases  on  record  of  midtiple 
myeloma  with  albumin  in  the  urine,  while  at  the  autopsy  the  kidneys 
were  found  normal,  and,  again,  pathologic  aises  of  nndtiple  myeloma 
refMjrted  recently  in  which  there  have  been  no  clinical  notes.  The  fact 
that  Weber,  even  in  his  sec^ond  case,  did  not  disruver  that  the  albumin  in 
the  urine  was  really  albumose  until  after  two  months,  and  the  fact  that 
Jochmann  and  Schumm  ^  have,  as  recently  as  1901 ,  described  their  typical 
dse  as  one  of  osteonuilacia,  and  only  lately  correctcHl  this  erroneous 
nomenclature,  show  that  the  disease  is  quite  readily  overlooked  or  errone- 
ously  classified.  As  far  as  diagnosis  is  concerned  1»  Xleltzer  states  that 
the  coincidence  of  myeloma  and  albumosuria  constitutes  the  essential 
feature  of  the  disease. — Ed*] 

We  must  further  mention  tlic  cases  (referreil  to  umler  I^ymphatic 
Leukemia)  of  symmetrical  lymphoma  development  in  tin-  lacrimal  and 
salivary  glands  which  Mikulicz  believes  to  lie  a  disease  type  Their 
simple  lymphoraatous  structure,  their  reaction  to  arsenic,  and  their 
clinical  resemblanci^  to  tine  lymphemia  cases  tiring  them  dose  to  pseudo- 
leukemia ;   the  possibility  of   cure   and   the  absolutely  normal   blood- 

*  KaJiUr'g  DieeoM;  Multiple  Mjfdtma.  »  Med.  Retord,  June  18,  1904. 

>  Amfr.  Jmtr.  of  the  Mfd.  ScL,  1902,  p,  939.         *  Amrr.  Jour.  Med.  Sf^i^  1903,  p.  644, 

•Jour,  of  PalL,  vol  vii.,  p.  95.  *  Lant^,  Jan.  10,  190:i 

'  Amer.  Jmt,  t^  Med,  Set,,  ApHl,  1903. 

•  Tranit.  of  tAs  Aitoe,  of  Anm\  /%«.,  1002,  vol  xvil,  p.  171. 
•  Muneh,  Med.  TfVA.,  1901,  p.  1340  j  Zeitxhr.  f  k(in.  Med,,  1902,  vol  xlri.,  p.  44S. 
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picture  j>eriiiit  tlieir  comparison  %vitli  tmiltiple  )ymphomata  without 
lymphemiaj  wliich  we  sometimes  tind  as  the  forerun ner  of  a  lymphemia. 

If  we  consider  now  the  ordinary  large  tubercular  lyaiphoDiata  and 
the  malignant  tumors  of  the  lym|>b-glai)ds,  eareinoma  metastases  and 
sarcoma,  we  sshall  have  recalled  all  tbe  diseases  occurring  in  the  lymph- 
atic apparatus. 

The  sharp  differentiation  which  we  have  made  between  lymphemic 
and  non-lympliemic  rxuiditions  will,  we  are  confident,  act  as  the  criterion 
of  diagnosis  between  Uiese  different  disease.s  in  the  future. 

The  differentiation  between  lymphatic  leukemia  and  [>seudoleukenua 
with  their  closely  related  lymphemia  is  less  shai'p.  The  cases  with  a 
moderate  increase  of  lymphocytes  are  especially  <iiffieult  ;  and,  a.s  we 
have  remarkefl  in  the  introduction,  we  are  not  infrequently  fon-ed  to 
make  the  diagnosis  more  from  the  general  impression  created  than 
from  any  definite  clinical  symptoms.  In  genenil|  we  are  inclined  to 
regard  all  cases  showing  a  deterioration  of  the  blood  as  lymphatic  leu- 
kemia, and  cases  with  a  regular  course  lasting  years,  even  when  the 
ratio  of  W.  :  R,  is  1  :  100,  as  pseudoleukemia. 

What  was  said  in  the  previous  section  (p.  G'25)  applies  also  to  the 
differentiation  of  pseudoleukemia  from  myeloid  leukemia. 

In  conclusion  J  therefore,  we  divide  tlie  old  broad  conception  of 
pseudoleukemia  into  three  diseases  : 

1.  True  pseudoleukemia.  In  this  class  we  place  the  generalised 
lymphomatoses  with  relative  lymphiH^ytosis,  and  comprehend  them  in 
one  group  with  true  lymphatic  leukemia* 

2.  Lymphosarcomatosis,  generalized  lymphonintosis  without  bhx»d 
alteration  or  with  a  decrease  in  lymphocytes  and  with  characteristic 
malignant  tumors. 

3.  Other  not  purely  lymphutic  diseases  of  the  lymph  apparutas,  is 
tuberculosis  and  malignant  tumors. 

PROGNOSIS  AND  TREATMENT. 

In  j^^,iT<l  to  the  prognosis  an*l  t lieni py  we  can  only  repeat  what  we 
said  under  lymphatic  leukemia.  Therapeutic  results  are  more  frequent 
than  in  lymphatic  leukemia,  esi^cially  under  the  enei^tic  administra- 
tion of  arsenic  j  yet^  even  here  a  persistent  effect  is  rare.  Neverthe- 
less, all  the  symptoms  may  he  held  in  check  for  months  and  years  even 
without  an  actual  cure.  We  must  rej>eat  that  lymphomata  accvmipanied 
by  an  increase  of  lymphoev-^tes  in  the  blood  provide  a  signal  for  the 
roost  guarded  |irogno9is. 

In  regard  to  the  cases  of  generalized  lympht»matosis  with  no  blood 


PSEUDOLEUKEMIA.  637 

alteratioDy  which  cannoty  therefore^  be  regarded  as  pseudoleukemia,  the 
prognosis  is  entirely  dependent  on  their  etiology.  As  mentioned  pre- 
viously, a  certain  percentage  of  these  cases  constitute  an  advance  stage 
of  pseudoleukemia,  whether  it  is  to  be  considered  that  the  lymphemia 
sets  in  as  a  later  development  or  the  transition  to  pseudoleukemia  comes 
on  as  a  complication.  These  etiologically  indefinite  lymphomata  are 
frequently  tractable  to  therapy.  When  the  enlarged  glands  are  not  too 
widely  distributed  and  are  extirpated,  a  remission  frequently  occurs 
which  may  last  a  long  time  or  even  forever ;  yet,  in  other  cases,  the 
extirpation  seems  to  act  as  a  factot  inducing  more  rapid  spread.  Not 
rarely  they  disappear  under  the  administration  of  preparations  of 
iodin,  and,  as  described  in  a  previous  section,  they  are  especially 
favorably  influenced  by  arsenic.  This  arsenic  therapy  must  be  con- 
tinued for  a  long  time  and  is  often  successful  only  by  the  alteration  of 
internal,  subcutaneous  and  intraglandular  administration. 

[The  results  obtained  from  a?-ray  treatment  will  be  referred  to  under 
the  treatment  of  Myeloid  Leukemia. — Ed.] 
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MvELDJD  Leukemia. 


Since  the  theoredcal  questions  in  regard  to  the  different  forms  of 
leukemia  were  thoroughly  discussed  on  page  125,  as  well  as  in  tlie 
introduction  to  the  volume  we  will  confine,  ourselves  in  the  following  to 
the  description  of  the  purely  clinical  peculiarities  of  myeloid  leukemia 
("  myelemia/'  "  myelogenous  sen  medullary,  sen  bone-marrow  celled 
leukemia  "). 

This  problem  meets  at  once  no  small  obstacle  in  an  insufficient 
amount  of  material  to  render  our  observations  complete.  For,  as  has 
been  shown  in  the  above-mentioned  sections,  we  can  not,  in  the  light 
of  our  present  knowledge,  consider  merely  a  pathology  and  therapy  of 
'*  leukemia/'  On  the  contrary,  we  realize  that  the  two  forms  of  leu- 
kemia, the  lymphatic  and  the  myeloid,  are  so  distinctly  separated  from 
one  another  that  a  close  relationship  between  them  is  not  at  all  likely. 
Both  diseases  have,  in  fact,  as  much  and  as  little  in  common,  as,  for 
instance,  typhus  abdominalis  (typhoid  fever)  and  typhus  exanthe- 
maticus,  two  diseases  which  owe  their  somewhat  similar  names  to  the 
similarity  of  several  of  their  most  prominent  symptoms  and,  there- 
fore,  must  be  sharply  differentiated. 

With  this  in  view,  we  break  from  the  line  of  procedure  generally 
followed  thus  far,  of  considering  the  etiology  and  special  symptoma- 
tology of  both  leukemias  together.  It  is  necessary,  therefore,  and  we 
hope  advantageous  to  the  advancement  of  knowledge  to  base  this  chap- 
ter on  cases  which  belong  without  doubt  to  one  or  the  other  form.  We 
wish  only  to  remark  that  in  the  material  thus  sifted,  we  must  not  over- 
look the  question  whether  this  differentiation  of  the  two  diseases  dis- 
covers more  clinical  characteristics  that  are  common  or  more  that  differ. 

Unfortunately,  by  far  the  greater  part  of  the  data  given  in  the  lit- 
erature fails  to  fulfil  the  necessary  demands  made  by  Neumann,  thirty 
years  ago,  and  is,  therefore,  useless  for  our  purpose.  True,  a  certain 
number  of  descriptions  of  the  blood  in  leukemia  have  come  down  to 
us  from  the  earlier  times,  even  before  the  introduction  of  our  present 
clinical  methods,  which  are  so  accurate  that  we  can  decide  the  diagnosis 
of  individual  cases  to-day.     Nevertheless,  considering  the  amount  of 
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Myeloid  leukemia  is  a  reasonably  rare  disease.  Definite  data  can 
not  at  present  be  given,  since  in  the  statistical  reports  showing  the  fre- 
quency of  leukemia  a  separation  of  the  two  forms  has  not  been  made. 
Judging  from  the  cases  in  which  the  blood  finding  was  carefully  de- 
scribedy  the  author's  impression  is  that  lymphatic  leukemia  is  some- 
what more  common  than  myeloid. 

Of  38  cases  characterized  as  myeloid  by  the  blood  examination,  12 
were  in  females  and  26  in  males. 

In  regard  to  age  they  were  divided  as  follows : 


Age.  Females. 

1-10 1  1 

11-20 3  0 

21-30 4  7 

31-40 4  7 

41-50 0  8 

51-60 0  3 

The  marked  participation  of  the  virile  age,  as  has  been  generally 
recognized  in  leukemia,  is  striking.  Among  the  38  cases,  30  were 
between  the  ages  of  twenty  and  fifty.  Females  are  apparently  much 
less  frequently  attacked  than  males. 

In  regard  to  occupation  and  social  position,  I  could  find  nothing 
that  might  tend  to  show  a  predilection.  What  was  said  previously  in 
the  chapter  on  the  etiology  of  leukemia,  is  based  on  conjecture,  and 
this  is  especially  true  in  regard  to  myeloid  leukemia  which  manifests  no 
relationship  to  other  diseases,  as,  for  example,  sarcomatosis  or  tuberculosis. 
Moreover,  all  attempts  to  attribute  the  disease  to  unsanitary  conditions, 
poor  food,  worry,  overwork,  etc.,  must  be  considered  idle. 

Nothing  positive  can  be  drawn  from  the  literature  in  regard  to  local 
differences  or  geographic  distribution.  Still,  the  large  number  of  cases 
(39)  which  fell  into  the  hands  of  one  observer,  Cabot,  in  Boston,  is 
striking. 

For  a  time  trauma  was  made  to  play  a  special  r6le  in  the  etiology 
of  leukemia.  Yet,  such  a  connection  can  by  no  means  be  regarded  as 
proved.  Recalling  the  fact  that  in  many  of  the  cases  of  myeloid  leu- 
kemia the  diagnosis  was  made  quite  accidentally  and  only  in  an  ad- 
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vanoed  stages  of  the  disease,  it  is  readily  intelligible  that  not  infrequently 
cases  may  be  discovered  through  an  examination  of  the  blood  made  on 
account  of  a  trauma.  In  an  extensive  monograph  on  the  traumatic 
origin  of  internal  disease,  Stem  disposed  entirely  of  the  so-called  cases 
of  traumatic  leukemia  and  came  to  the  conclusion  that  no  such  indis- 
putable case  has  been  observed,  even  though  the  possibility  can  not  be 
denied  that  the  function  of  the  blood-making  organs  may  be  deranged 
with  such  a  result  by  injury  or  shock. 

Since  the  first  domination  of  bacteriology  in  the  study  of  the  etiology 
of  disease,  numerous  attempts  have  been  made  to  show  a  v^etable  or 
animal  cause  for  leukemia.  Yet,  none  of  these  attempts  has  led  to 
anything  like  a  satisfactory  result,  whether  limited  to  the  microscopic 
demonstration  or  the  artificial  cultivation  of  the  excitant,  or  extended 
to  the  transference  of  the  disease  to  animals  by  inoculation. 

A  full  report  of  these  futile  investigations  is  presented  by  Lowit, 
in  the  publication  in  which  he  endeavors  to  prove  that  a  certain  proto- 
zoon  variety  ^'  hsemamseba  leuksemise  magna "  Is  the  cause  of  myeloid 
leukemia,  and  another  ^'  hsemamseba  leuksemise  parva  seu  vivax  "  is  the 
cause  of  lymphatic  leukemia.  Only  a  comparatively  short  time  has 
elapsed  since  the  appearance  of  Lowit's  paper,  yet  its  probability  is 
seriously  impaired  by  the  contradiction  already  experienced.  Lowit's 
protozoa  have  been  considered  as  artifacts  especially  by  Turk,  Litten, 
and  Michaelis,  and  the  suspicion  has  even  been  aroused  that  they  are 
the  basophile  granulations  of  the  mast  cells  which,  as  wc  know,  are  a 
constant  constituent  of  myelemic  blood.  Still,  before  this  question  can 
be  .settled  with  unqualified  certainty,  further  investigations  must  be 
made. 

Moreover,  the  clinical  study  of  myeloid  leukemia  has  so  far  pro- 
duced only  very  uncertain  evidence  that  we  have  to  do  with  an  infec- 
tious disease.  True,  two  observations  may  be  considered  worthy  of 
mention — namely,  Cabot's,  in  which  a  nurse  became  aifeeted  with  mye- 
loid leukemia  and  died  a  short  time  after  he  had  nursed  a  typic  case  of 
the  disease,  and  Obrastzow's,  in  which  the  same  occurred  with  lymphatic 
leukemia.  Yet,  it  is  impossible  from  these  two  cases,  to  draw  the 
conclusion  that  they  were  the  result  of  direct  contagion. 


SPECIAL  SYMPTOMATOLOGY. 


THE  BLOOD* 


We  will  here  add  to  the  detailed  description  of  the  micro900pio 
picture  given  on  page  128,  a  few  particulars  in  order  to  show  more 
clearly  the  extraordinary  diversity  and  yet  sharp  definition  of  this  dis- 
ease.    (Compare  Plate  XIII.). 

In  brief  the  classical  characteristics  of  myeloid  leukemia  are  : 

1 .  The  occurrence  of  very  many  monormclear  neiUrophile  cellsy  Ehr- 
lich^s  myelocytes  xar^  ^^^T'i^'  These  are  encountered  in  all  variations 
of  size,  from  somewhat  smaller  than  the  normal  red  blood-corpuscle,  to 
two  or  three  times  this  size.  In  the  same  way  the  protoplasmic 
granules  vary  in  number  from  a  few  to  a  number  filling  almost  the 
entire  cell. 

2.  The  occurrence  of  mononuclear  eosinophile  leukocytes  corre- 
sponding in  size  and  number  of  granules  with  the  preceding.  Occa- 
sionally we  meet  very  large  examples  three  to  four  times  the  size  of  a 
red  blood-corpuscle. 

3.  An  absolute  increase  in  the  polynuclear  neutrophile  and  eosino- 
phile cells. 

4.  An  absolute  and  usually  also  a  percentage  increase  in  the  mast 
cells. 

5.  Atypic  forms  of  white  blood-corpuscles  (compare  p.  132),  espe- 
cially forms  showing  mitoses. 

6.  Nucleated  red  blood-corpuscles,  more  frequently  normoblasts, 
less  frequently  megaloblasts. 

We  intend  to  elucidate  this  brief  review  of  the  morphologic  changes 
(a  more  complete  description  of  which  has  been  given  in  another  sec- 
tion) by  a  few  figures  from  our  own  studies. 

This  small  table  is  sufficient  to  show  that  not  only  the  individual 
cases  of  myeloid  leukemia  difier  from  one  another,  but  that  the  blood- 
picture  of  the  same  case  differs  considerably  at  different  times. 
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Moreover,  special  emphasis  must  be  laid  on  the  behavior  of  the 
mast-cells^  Id  every  one  of  these  caee^  their  absolute  number  b 
increasedj  even  when  their  percentage  is  not  higher  than  the  normal 
average.  It  is  [)urc  accident  that  the  majority  of  cases  here  quoted 
show  such  a  low  |>ereentage  of  ma§t  cells,  since  usually  the  relative 
niniihers  are  much  liigher.  In  several  cases  in  which  Cabot  made  aoca* 
rate  counts,  he  mentions  10  per  ceut*^  8,8  j)er  cent>,  3.8  per  oent^,  2 
per  cent.,  1*5  per  cent. ;  Tiirk  found  fluctuations  between  6.75  per  cent, 
and  15. .53  per  cent,  in  1  of  his  cases,  between  2.8  percent*  and  11 
per  cent,  in  a  second,  between  4.6  i>er  cent  and  5.9  per  cent,  in  a  thint, 
and  between  7.8  per  cent,  and  17.67  per  cent,  in  u  fourth  ;  Lowit  found 
in  thc8e  ciises  18  jmr  cent.,  13  per  cent.,  and  12  per  cent.  Fn:»m  thb, 
it  is  evident  thut  the  myelemia  is  characterized  by  a  high  absolute  and 
usually  high  relative  m:yfit-cell  count. 

The  fluctuations  in  these  individual  case^  seem  to  indicate  that  the 
manner  in  which  |.*articular  varieties  of  aAh  are  di.stribut<?d  in  a  bl*x>d- 
drop,  is  partly  the  result  of  accident,  though  it  can  not  be  doubted  that 
the  out-wandering  from  the  bone-marrow  is  influenced  by  peculiarities 
in  the  disease  excitant. 
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The  ratio  of  white  to  red  bloodrcorpuaclea  fluctuates  within  the 
widest,  limits.  Still,  not  so  very  long  since,  as  is  well  known,  leu- 
kemia was  differentiated  from  leukocytosis  merely  by  this  ratio,  the 
figures  1-50  or  1-20  being  arbitrarily  chosen  as  the  boundary  dividing 
the  two.  To-day  we  recognize  only  alterations  of  the  white  corpuscles 
themselves  as  characteristic  for  both  lymphatic  and  myeloid  leukemia, 
and  even  though  the  ratio  W.  :  R.  shows  no  great  deviation,  this  does 
not  necessarily  exclude  leukemia,  v.  !({oorden  for  instance,  reports  a 
case  of  myeloid  leukemia  in  which  there  was  only  1  white  to  200  reds. 
Still,  in  the  majority  of  cases  we  find  figures  which  approach  very  close 
to  1  :  2  or  1  : 1. 

Moreover,  in  the  course  of  an  individual  case  the  ratio  W. :  R.  fluc- 
tuates considerably,  as  is  evident  from  the  table  just  given ;  in  fact,  within 
a  few  hours  surprising  alterations  have  been  observed.  Thus  v.  Hayek^ 
for  instance,  found  in  his  case  during  the  course  of  one  day  : 

Temperature.  Reds.  Whites. 

10  a.m.         37.6<>C.  2,525,000  122,500  W.:R.  =  1:20.6 

4  p.m.         36.3<>G  2,305,000  235,000  W.:R  =  1:   9.7 

In  this  case  the  lowering  of  the  body  temperature  1.3*^  may  readily 
have  been  of  influence,  yet  independently  of  anything  like  this,  the 
blood-picture  may  change  considerably  within  the  shortest  interval. 
From  this  alone,  is  evident  how  little  significance  is  to  be  attached  to 
the  quantitative  estimation  of  the  cells. 

Even  in  severe  cases  of  myeloid  leukemia  the  absolute  number  of 
red  blood-corpuscles  is  not  very  markedly  decreased.  The  author  saw 
in  complicated  cases  even  sub  finem  vitse  counts  of  over  2,000,000,  and 
in  Cabot's  rich  material  we  find  cases  of  undoubted  myeloid  leukemia 
with  5,000,000,  4,877,000,  4,800,000,  etc.  After  long  duration  of 
the  disease  or  after  intercurrent  severe  hemorrhages,  diarrheas,  albumi- 
nuria, etc.,  the  number  may  sink  very  low,  even  to  one-half  million 
and  under. 

The  proportion  of  nucleated  to  non-nucleated  red  blood-corpuscles 
is  likewise  subject  to  great  variations,  both  in  the  comparison  of  differ- 
ent cases  and  in  the  course  of  an  individual  case  at  different  times,  so 
that  in  two  preparations  taken  at  only  short  intervals,  one  may  show 
several  examples  in  every  field,  the  other  scarcely  any  on  the  whole 
slide. 

In  almost  all  cases  we  find  erythrocytes  in  a  condition  of  poly- 
chromatophilic  d^eneration — that  is,  showing  granules  which  stain  with 
methylene  blue,  as  has  been  described  and  pictured  under  '^  Anemia '' 
(p.  254).     Yet,  we  must  expressly  insist  that  we  very  frequently  find 
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far-advaDoed  cases  of  myeloid  leukemia  in  which  the  red  blood- 
corpuscles  are  absolutely  normal  in  shape^  size^  and  staining  properties. 
Rouleau  formation  is  almost  always  preserved. 

The  blood-platelets  show  no  deviations  from  the  normal  worth  men- 
tioning. The  counts  which  v.  Emden  made  in  2  cases  were  either 
normal  or  varied  between  one-half  and  double  the  normal.  Litten 
asserts  that  the  platelets  are  always  considerably  increased  in  number, 
and  Hayem  that  they  are  increased  in  size. 

[The  effect  of  treatment,  especially  the  administration  of  arsenic, 
on  the  blood  must  always  be  kept  in  mind.  A.  £.  Taylor  ^  refers  to 
the  effects  of  treatment  on  the  blood  in  8  of  his  series  of  cases.  The 
influence  of  arsenic  upon  the  red  corpuscles  was  usually  less  marked 
than  upon  the  leukocytes.  Three  cases  showed  a  complete  disappear- 
ance of  leukocytosis,  followed  by  a  relapse  and  a  second  disappearance 
of  the  excess  of  white  cells.  In  2  of  the  3  a  second  relapse,  followed 
by  a  third  disappearance,  occurred.  The  effect  of  the  treatment  was 
quantitative  rather  than  qualitative.  The  myelocytes  were,  however, 
especially  reduced  in  number  and  proportion.  In  1  case  there  was  a 
return  to  nearly  normal  proportions  of  the  different  forms  of  leuko- 
cytes ;  a  slight  lymphocytosis  alone  remained. — Ed.] 

So  much  for  the  peculiarities  of  the  corpuscular  elements  of  the 
blood. 

We  have  naturally  no  accurate  records  in  regard  to  the  qnantity 
of  blood.  Estimating  by  the  pulse  or  the  amount  issuing  from  a 
finger-prick,  we  have  never  been  able  to  perceive  any  striking  dim- 
inution. 

The  color  of  the  fresh  blood-drop  is  in  no  way  distinguishable 
from  the  normal  in  mild  or  moderately  severe  cases  ;  in  fact,  even  when 
the  ratio  of  whites  to  reds  is  1  : 1,  prov^ided  the  number  of  reds  is  not 
entirely  too  small,  for  instance,  not  less  than  a  million,  there  is  no  con- 
siderable deviation  to  the  naked  eye.  In  this  connection  we  should 
add  that  Virchow^s  expression  "  white  blood  "  referred  not  to  the  blood 
during  life,  but  after  death.  Virchow  himself  expressly  says  that  in 
the  case  in  which  the  "  white  blood  ^'  was  found  post  mortem,  an  epi- 
staxis  shortly  before  death  showed  blood  of  a  normal  color. 

Corresponding  to  the  slight  diminution  in  the  number  of  red  cor- 
puscles, we  find  the  hemoglobin  percentage,  according  to  Fleischl 
or  Gowers,  not  much  below  the  normal.  Not  infrequently,  in  even 
outspoken  cases,  we  found  hemoglobin  percentages  of  60—70  Growers. 

Still,  in  the  estimation  of  the  hemoglobin  by  the  colorimetric  methods, 
^  Omirib,  from  the  Wm.  Pepptr  Lab,  of  CUn.  MetL,  1900. 
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we  must  remember  that  the  immense  number  of  leukocytes  prevents  a 
clear  translucent  solution  of  the  blood  in  the  water ;  in  fact,  they  fre- 
quently cloud  it  more  or  less  so  that  these  methods  can  not  be  depended 
upon  for  absolute  accuracy. 

The  specific  gravity  of  the  blood  is,  as  a  rule,  somewhat  higher 
than  in  other  blood  diseases  with  similar  hemoglobin  percentages,  though 
this  is  to  be  expected  on  account  of  the  comparatively  greater  richness 
of  the  blood  in  cells.  In  1  case  in  which  the  hemoglobin  was  60 
(Gowers)  we  found  the  specific  gravity  to  be  1050  (estimated  by  Ham- 
merschlag's  benzol-chloroform  method).  Dieballa  mentions  2  cases  of 
"  leukemia  myelolienalis  '^  without  an  accurate  description  of  the  blood 
histology,  in  which  he  found  the  specific  gravity  8-14  per  thousand 
higher  than  the  hemoglobin  percentage  would  call  for. 

More  attention  has  been  paid  to  the  coagulability  of  the  blood 
in  leukemia  than  in  any  other  blood  disease,  and  the  fact,  that  the 
results  of  the  different  investigations  are  very  contradictory  is  due  to 
the  non-separation  of  the  different  leukemias. 

Generally,  we  find  the  statement  that  "  leukemic  "  blood  coagulates 
less  readily  than  normal  blood  (v.  Limbeck,  Ry wosch  and  Berggrun, 
and  others),  though  again  others  (v.  Samson-Himmelstjerna,  quoted 
by  Pfeiffer)  declare  it  normal.  Ujafortunately,  we  can  not  decide 
from  the  records  to  which  form  of  leukemia  the  individual  observations 
refer.  We  occasionally  found  it  impossible  with  one  patient  suffering 
from  myeloid  leukemia  (Case  T)  to  count  the  red  corpuscles  with  the 
Thoma-Zeiss  apparatus  on  account  of  the  extremely  mpid  coagulation 
of  the  blood  in  the  capillary  pipet.  Yet,  in  other  cases  the  counting 
proceeded  without  difficulty. 

It  is,  a  prioriy  very  probable  that  the  different  varieties  of  white 
corpuscles  differ  considerably  from  each  other  in  regard  to  clotting  and 
fibrin  formation.  Thus  from  Th.  Pfeiffer's  work  it  appears  that  in 
cases  of  myeloid  leukemia  only  a  slight  increase  was  noticeable  in  the 
fibrin  content  of  the  blood  plasma  (57.9  mm.  fibrin  =  N  in  100  cm. 
plasma  in  contrast  to  39.3  mg.  the  normal  average),  while  in  simple 
hyperleukocytosis  with  a  considerably  smaller  total  number  of  whites, 
almost  three  times  as  much  was  found.  According  to  Lilienfeld,  coagu- 
lability increases  with  the  richness  of  tlie  different  forms  in  nuclein, 
and,  according  to  Minkowski,  the  lymphocytes  are  much  richer  in 
nucleic  acid  than  the  polynuclear  cells.  The  strict  separation  of  the  two 
forms  of  leukemia  and  a  thorough  knowledge  of  the  proportionate  par- 
ticipation of  the  different  varieties  of  leukocytes  will  possibly  aid  in 
explaining  the  apparently  irr^ular  behavior  of  leukemic  blood. 
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Ill  this  regard,  BraDden burg's  work  dii-ected  to  the  chemistry  of 
leukeiuie  blood  is  vory  valuable.  TliLs  show:^  that  the  IxHie-in arrow  \» 
stained  an  intense  bhie  by  tincture  of  giiaiac,  while  the  lymphatic  struc- 
tures projier,  tlie  lyinph  gknds,  liver,  and  thymus  fail  to  give  this 
reaction.  From  Brandenburg*s  experiments  and  his  eonelusions,  it 
seems  highly  probable  that  this  diiierence  in  reaction  Ls  the  result  of 
special  proix^rties  belonging  to  the  nueleoproteidj?  of  the  bone-marrow 
cells,  which  are  lacking  in  those  of  the  lymph  cells. 

From  the  sUilements  in  the  literature  in  regard  to  the  semni  in 
leukemia,  it  is  impossible  to  say  whetbex  the  cases  are  to  be  reckoned 
with  myeloid  leukemia  or  not.  The  figures  given  in  relation  to  the 
specific  gravity,  amount  of  albumin  and  dried  sub.stance  deviate  as  a 
rule  but  little  fnmi  the  norniuL  Mattbes  examines  I  the  bliK>d  post 
mortem  in  1  c^ase  of  myeloid  leukemia,  and  demonstrated  a  deutero- 
albumose  and  considta-al^le  soluble  nucleo-albumin  in  the  serum. 

We  find  in  the  literature  no  determinations  of  the  alkalinity  of  the 
blood  which  we  can  citnsider  as  meeting  our  requirements. 

Moreover,  the  further  observations  in  regard  to  the  chemic  pecu- 
liarities of  leukemic  blood  are  nnfortunately  but  little  available  for  this 
study,  since  ahnost  all  the  ca^es  in  question  are  only  designated  leu- 
kemia and  no  detailed  description  of  the  blocjd- picture  is  given.  And  we 
have  mentioncnl  before  that  it  is  exactly  in  their  ebemic  relations  that 
lymphatic  and  myeluid  leukemia  would  be  expected  to  show  consider- 
able difierences.  True,  vqtj  recently  attention  has  been  called  to  this, 
but  it  happens  that  the  investigations  so  far  are  limited  to  lymphatie 
leukemia  (see  Erben).  This  investigator  is  likewise  inclined  to  see  a 
difference  in  the  chemic  compi>sition  of  the  bk^od  in  the  two  leukemias^ 
lu  that  he  claims  the  polynuclear  eells  cany  ferments,  while  the  lym- 
phocytes do  not.  Still,  the  iuilividual  observations  on  this  subject 
are  at  present  very  contradictor)^  and  further  work  toward  the  eventual 
solution  of  the  problem  wouhl  be  very  desirable. 

Among  other  things  we  may  mention  that  Magnus-Levy  found  oon- 
siderable  t|uantities  of  urto  acid  in  the  blood  of  1  case  p<nst  mortem,  and 
among  the  other  derivatives  of  nuclein  Kossel  found  xanthin. 

An  imjjortant  peculiarity  of  the  blood  of  myeloid,  in  contrast  to 
that  of  lymphatic  leukemia,  is  the  occurrence  of  Charcot's  crystals, 
obser\^ed  first  by  Neumann.  These  are  found  normally  in  the  bone- 
marrow,  but  in  the  former  disease  also  in  the  blcKxl,  spleen,  and  liver 
in  lai^  quantities  post  mortem  (Litten),  This  finding  appears  quite 
reasonable  in  view  of  the  close  relation  between  the  eosinophile  oella 
which  are  markedly  increased    in  myeloid  leukemia  and    Charcot's 
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Cfystals.  Since  considerable  miHundei*st4Liiding  seems  to  exist,  we  wkh 
to  eay  tbut  the  crystals  are  never  seen  in  the  blood  when  it  is  abso- 
lutely fre«h — that  ii^,  just  after  it  has  bet^n  dniwn  from  the  body,  but 
unly  after  it  has  dried  some  time  under  the  cover  glass.  According  to 
Ehrlich,  er^'stalHzation  iiuiy  occur  very  nipidly  in  «»Df  case,  very  slowly 
ID  another,  though  the  reasons  for  this  are  at  present  imkno^'u.  West- 
phal  took  blooil  by  punctuiv  directly  from  the  spleen  during  life  and 
claims  that  the  crystals  were  at  once  visible  in  it, 

THE  CLINICAL  ALTERATIONS  IN  THE  GENERAL  CON- 
DITION AND  IN  THE  INDIVIDUAL  ORGANS, 

During  the  long-protnieted  amrse  of  the  disi^-ase  through  months  or 
even  years,  the  general  condition  natural ly  shows  n»uny  changes,  Yet^ 
not  only  at  tlie  very  beginning  of  the  disease,  but  even  after  raarkeil 
development  of  all  the  characteristic  symptoms,  especially  the  altenitions 
of  the  bI<K»d  and  the  tmnor  forniaLions,  the  patient  may  manifest  a 
surprisingly  giwid  condition  of  nutrition  and  considembie  strength, 
and  raay  complain  of  almo^it  no  subjective  symptoms.  One  of  my 
patients^  for  instance^  a  tinner  by  trade,  has  for  months  gone  about  his 
work  on  the  house  tops,  though  the  symptoms  have  l>eeu  fully  developed 
for  over  a  year,  an<]  his  spleen  extends  to  below  the  umbilicus.  In 
fact,  it  is  not  at  all  rare  for  patients  to  have  no  idea  of  the  existence 
of  their  disease,  even  when  fully  develoiM-d,  till  it  is  casually  disco vei-ed 
by  a  physician  consulte<l  for  some  comparatively  insigoiiicnDt  complaint^ 
like  epistaxis,  jiain  in  the  side,  or  an  accident. 

When  the  disease  is  more  rapid  in  course,  or  is  very  far  advanced, 
the  patient  ex}>ericnoes  a  feeling  of  growing  weakness,  liodlly  effort 
l)etH>mes  more  and  more  difficult.  Among  tlte  subjective  com- 
plaints are  stitch  in  the  side,  shortness  of  breath,  ]mlp)tatiou  of  the 
heart,  gastric  oppression,  loss  of  appetite,  and  finally  f>ain  and  tendej- 
ness  of  the  diflerent  bones,  csfXHJtally  the  sternum  and  the  long  tubular 
^  bones, 

^^H  With  protraction  of  the  disease,  the  snbcutaneous  fat  l>coomes 

^^        more  or  less  diminished.     Towanl  the  end  of  \\w  dist^^asc,  after  i-jichexia 
I  has  dovelo|K'd,  a  markcil  emaciation  takes  place  and  this  is  more  striking 

I  when  the  abdomen  is  distended  by  a  very  lai^  spleen, 

ft  In  advancetl  stages  of  the  disease  a  more  or  k*58  markeil  anemia 

I  occurs,  which  is  evidenced  by  the  pallor  of  the  skin  and  mucous  raem- 

I  branes,  as  well  as  by  the  blno*!  examination.     Still,  it  vvc»ulil  l)e  a  mis- 

■  take  to  suppose  that  every  case  of  leukemia  must  show  feigns  of  anemia* 

I  Patients  are  occasionally  seen  presenting  a  myeloid  leukemia  for  moDths 
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without  their  appearance  or  blood  showing  the  slightest  symptom  of 
anemia*  It  has  been  previously  mentioned  in  the  disciii?sion  of  the 
morphology  of  the  blood  that  the  red  corpusdea  are  frequently  devoid 
of  every  anemic  change*  In  the  same  way  cases  not  rarely  occur  in 
which  the  u  umber  is  normal  or  deviates  but  little  ftom  the  normal 
(Cabot,  see  above  p,  651). 

In  later  stages  of  the  disease,  esjiecially  if  protracted  diarrhea  or 
frequent  hemorrhages  occur,  we  find  anemia  of  the  most  severe  grade. 
This  almost  always  resembles  a  simple  chronic  anemia,  though  some- 
times the  presence  of  megaloblasts  and  megalocytes  changes  its  character 
in  the  direction  of  progressive  pernicious  anemia, 

Anotlier  alteration  seen  in  the  general  condition  is  toward  the 
hemoixliagic  diathesis.  In  this  regard,  however,  great  variations 
are  found  in  the  course  of  the  disease,  for  instaooe,  periods  lasdng 
weeks  or  months,  during  which  large  hemorrhages,  particularly  eptstaxis, 
may  occur  daily  and  again  similar  {htichIs  in  which,  without  special 
therapy,  no  hemorrhage  occurs. 

The  hemorrhagic  diathesis  is  characterized  by  hemorrhages  into  all 
the  organs,  and,  though  epistaxis  is  its  most  frequent  expression,  hem- 
orrhages from  the  gums,  the  digestive  tract,  into  the  retina,  the  skin, 
the  serous  membranes,  the  brain,  and  tlie  {tarenchymatcius  organs,  are 
not  rare.  These  hemorrhages  may  l>e  the  immediate  cause  of  deatlt, 
either  by  becoming  nncontrnllable,  as  happene*!  in  one  of  Virchow'd 
cases^  or  by  cerebral  apoplexy. 

The  behavior  of  the  temperattire  is  entirely  unintelligible*  A 
large  number  (»f  cases  have  Ix^en  fountl  apyretic  under  long-continued 
clinical  observatirm  up  to  the  exitus  Ictalis,  others  showtKl  fever  of 
varying  severity  for  quite  as  long  periods  (see  Freudenstein),  and  finally 
the  same  case  has  shown  a  normal  temperature  for  months  and  thea  a 
moderately  high  fever  of  remittent  tyj^e  (see  Tern |H'ratu re  Curve,  Fig-  J%) 
lasting  for  weeks.  Very  high  temperature*  (over  40 '^  C\)  which  arc 
frequently  accompanied  by  chills,  are  seen  only  exeeptiomdly.  Tlie 
second  tempemture  curve  here  given,  is  part  of  one  shown  l>y  v.  Hayek, 
and  from  it  we  learn  that  the  type  of  fever  may  be  strictly  remittent 
for  a  long  time,  like  that  occurring  otherwise  only  in  malaria  or  septic 
infection.  In  regard  to  this  patient  we  must  add  that  apyretie  f>eri<id.s 
occasionally  occurre<l  and  that  the  autopsy  showetl  the  case  to  be  un- 
complicated. The  fever,  therefore,  seems  attributable  to  the  leukemic 
process  per  »e.  Naturally,  the  fever  is  frequently  produced  by  com- 
plications, which  are  not  lacking  in  leukemia* 

The  metabolism   in   leukemia  lias  Ix^n  the  subjet^t  of  numerous* 
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\\  NoordeD,  v,  d.  AVey,  Magnua-Levy)  have  shown  that  there  is  a  con- 
siderably increased  proieid  meiaholimn  in  ehrouic  myeleraia.  Still,  in 
the  ccturse  of  the  individual  case  this  increased  catabolism  alternates 
with  a  nitrogen  eqnilibrinm,  in  fact,  even  with  the  nitrogen  retention 
(v.  Noorden).  [Taylor  ^  found  in  1  case  a  nitrogen  balance  of  intake 
and  output,  and  normal  assimilation  and  absorption  of  proteid  fo*xl. 
He  quotes  the  authors  just  mentioned  as  having  found  excess  of  nitn^n 
elimination,  but,  on  the  other  hand,  1  case  with  a  negative  balance, 
reported  by  Mather,  and  retention  of  nitrogen  with  increase  in  body 
weight,  reported  by  Spirig"  and  Moraczewski.^ — Ed.] 

The  ttriney  as  a  rule,  shows  no  striking  peculiarities.     Different 


Flo.  9.— Temperature  curve  (after  v.  Hayek). 


complications  on  the  part  of  the  kidneys  naturally  produce  their  own i 

alterations. 

The  great  interest  excited  by  the  enormous  amount  of  uric  acid 
frequently  found  in  the  urine  in  acute  lymphatic  leukemia  has  led  lo 
investigation  of  other  forms  of  leukemia,  and,  as  a  consequence,  more 
exact  estimations  have  been  made  in  late  years. 

Magnus- Levy,  who  reviewed  the  whole  subject  a  short  time  ago  and 
added  investigations  of  his  own,  shows  that  the  relations  Wtween  the 
excretion  of  uric  acid  and  the  number  of  leukocytes  in  the  blood,  are 
very  irregular.  Great  differences  are  found  at  different  periods  in  the 
same  case,  and  at  the  same  stages  in  different  cases ;  in  other  words, 
great  and  small  amount*^  of  uric  acid  are  found  with  both  high  and  low 
leukocytic  counts.  Yet,  in  thiis  question  particularly  carefnl  attentioti 
has  not  been  bestowed  on  the  morphologic  separation  of  the  different 


•  Cbnirift./rom  thf^  Wm,  Pepper  Lab,  of  CHiu  Med.,  1900, 
*Zeit,/.  klin.Med.,  1894. 
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leukeraias.  Furtljer,  the  difference  in  the  amount  of  nuclei n  in  the 
different  varietieis  of  white  blood-corpuscles  recognized  by  all  observers 
forcibly  suggests  the  reason  tor  these  variations. 

For  the  Bame  reason  the  scanty  data  on  the  excretion  of  nitrogen  as 
tunea,  as  xanthin  bodies,  etc.,  are  not  aviiilalile,  Wc  may  mention  that 
albumosuria  has  been  found  by  Kottnitz  and  v.  Noorden,  by  each  iu 
1  case.  Further,  v.  Noordcn  found  large  amounts  of  nucleo-albumin 
in  2  cases  of  myeloid  leukemia. 

Among  the  abnormal  non-nitrogenous  substances,  v,  Noorden 
observed  in  1  case  a  transitory  excretion  of  acetic  acid. 

Among  the  iriorgimic  substances  phosphorus  is  particularly  note- 
worthy. Yet  tliiJUgb  phosphoric  acid  has  been  found  in  large  amounts 
in  the  urine  in  acute  lymphatic  lonkemia,  the  literature  fails  to  show 
whether  this  is  true  also  of  myeloid  leukemia* 

[Taylor '  found  iu  3  cases  marked  increase  of  nentral  sulphur  in  the 
urine.     The  interpretation  of  this  condition  is  uncertain* — Ed,] 

Among  the  organic  alterations  attracting  the  attention  of  the  inves- 
tigator, the  enlargement  of  the  spleen  stjinds  out  most  conspicu- 
ously. Very  often  this  is  the  direct  or  indirect  cause  of  the  patient 
consulting  the  physician,  and  even  on  the  first  examination  an  enormous 
enlargement  is  frequently  found.  Cases  are  not  at  ;dl  nire  in  which 
the  spleen  extends  to  the  right  a  half-hand's  breadth  beyond  the  middle 
line  and  downward  almost  to  the  symphysis,  apparently  resting  on  the 
left  brim  of  the  pelvis.  The  abdomen  is  distended  and  is  entirely  out 
of  shape,  the  left  side  being  very  hard,  ppimincnt,  and  the  right  com- 
pressible and  less  prominent.  The  abdominal  wall,  almost  devoid  of  fat, 
frequently  allows  the  superficial  surface  and  notched  border  of  the 
ppleeu  to  be  palixited.  As  a  rule,  the  spleen  is  extremely  hard,  but 
rarely  it  is  mA.  In  1  case  of  Ehrlieh's  it  was,  in  places,  diifluent  Dry 
friction  r^les,  corresjxvnding  to  the  respiration,  are  frequently  heard  on 
ausculfcitiou  over  different  areas  or  even  over  its  whole  extent. 

Though  in  the  niajority  of  cases  of  myeloid  leukemia  the  splenic 
tumor  is  the  most  striking  clinical  symptom,  it  is  by  no  means  always 
present.  For  instance.  Lit  ten  mentions  a  case  in  which  the  spleen  waa 
only  very  slightly  ('*ganz  minimal")  enlargetL 

Though  transitory  reductions  of  1—2  cm.  in  breadth  and  length  are 
observed  after  the  organ  has  reached  a  considerable  size,  complete  retro- 
gression of  the  enlargement  occurs  only  exceptionally.  Such  a  case  was 
recently  described  by  Krans  in  which  all  the  symptoms  together  with 
the  splenic  tumor,  disappeared  under  the  influence  of  an  infectious  disease. 
1  a»an&./ftm  the  Wnu  Pepper  Lab.  of  Oin,  Med,,  1900. 
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Swelling  of  the  lymph  glands  Ls  observed  much  less  fre- 
quently than  the  spleuio  tumor.  The  distribution  of  the  affected  glands 
holds  no  rehitioD  to  that  seen  in  lymphatic  leukemia,  in  fact,  from  the 
reports  accessible,  they  seem  more  common  in  the  inguinal  and  axillary 
regions  than  in  the  neck,  the  site  of  predilection  in  the  latter.  We 
sonietime^j  t<K),  find  erilargemeut  of  the  lingual  follicles,  the  tonsila  i 
and  the  salivary  glands.  The  skin  over  the  swolleu  glands  is  neither] 
hyperemic  nor  adherent,  jmlpation  is  not  painful. 

We  nuLst  mention  also  several  symptoms  pmdueed  by  the  impal- 
jmble  internal  granular  tumors.  On  account  of  the  unlimited  diver* 
sity  in  localization,  it  would  naturally  be  impossible  to  enumerate  all 
the  resulting  conditions,  consetjueutly  we  are  constrained  to  recall  only 
the  more  frequent.  Pressure  on  the  large  vascular  trunks  may  lead  to 
stasis  in  almost  any  organ,  and  general  stasis  may  be  productxl  by 
pressure  on  the  largest  vessels  due  to  Bwelling  of  the  nieiiiastinal  glands. 
Compression  of  a  Vjronchus  may  produce  marked  disturbano<:^s  of  re»-J 
pi  ration,  as  well  as  anomalies  evident  to  percussion  and  auscultation. 
According  to  F.  A.  Hoffmann,  paralysis  of  the  recurrent  nerve,  due  to 
pressure,  has  been  observed-  Leukemic  infiltration  of  the  larynx  has 
prfHlnced  stenosis  (Laache),  and  also,  through  compression  of  the 
esophagus,  dysphagia.  The  development  of  lymphomata  has  been  th% 
cause  of  disturbances  of  nerves,  aud  their  development  in  the  orbit, 
the  cause  of  exoplithulmos  (Laache). 

Isolatwl  cases  of  myeloid  leukemia  run  their  course  w^ithout  en- 
largement of  either  extcnud  or  internal  lymph  glands. 

The  liver  is  frequently  enlarged  to  pal|>ation.  Its  surfiioe  is 
smooth,  its  consi>tence  firm. 

CirctilatDry  symptoms  i>ecultar  to  this  diB^se  have  not  been 
observed.  Symptoms  described  under  the  different  forms  of  anemia — 
irritability  of  the  h^rt,  hemic  murmurs,  hydropericanliura,  are  natu- 
rally found  in  eases  accompanicil  by  st:*verc  grades  of  anemia. 

MiU'ktMl  liy|)er^'mra  of  the  large  and  small  abdominal  veins  is  sec 
as  a  result  of  the  enormous  distention  of  the  abdomen.     In  late  stagea] 
we  find  a  mom  or  less  marked  edema  of  the  lower  extremities. 

Respiratofy  symptoms  are  manifest  in  the  majority  of  cases,  j 
Dyspnea  is  usual  an<l  may  be  produced  by  compression  of  the  lungSJ 
and  bronchi,  through  enlargement  of  the  spleen  and  glands.  The  dis- 
turbances of  the  circulation  also  lead  to  disturbances  of  bronchial  secre- 
tion and  thereby  tA>  obstinate  bronchitis.  According  to  F.  A.  Hoff- 
mann, the  sputum  shows  in  all  cases  enormous  numbers  of  eosinophile 
cells.     Serous  or  hemorrhagic  exudations  may  be  found  in  the  pleural 
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cavity  as  the  result  of  severe  stasis^  or  the  latter  as  the  result  of  a 
general  hemorrhagic  diathesis.  Examiiiation  of  the  exudate  in  1  case 
by  Ehrlich  showed  all  the  morphologic  elements  of  the  blood  to  be 
present. 

The  digestive  organs  are  variously  affected.  The  appetite  is 
frequently  influenced,  through  the  feeling  of  fulness  produced  by  the 
enlargement  of  the  spleen  and  liver.  With  this  anorexia,  nausea, 
eructation,  and  sometimes  persistent  vomiting  are  associated.  Laache 
reports  intense  thirst  in  several  cases.  When  the  ingestion  of  nourish- 
ment remains  unimpaired,  the  normal  weight  is  preserved  for  months, 
which  would  indicate  that  the  functions  of  the  stomach  and  intestine, 
as  well  as  assimilation,  are  not  disturbed. 

Sometimes  a  transitory  hindrance  to  the  taking  of  nourishment  is 
produced  by  a  severe  stomatitis,  associated  with  hemorrhages  and 
ulceration  of  the  gums. 

Diarrhea  is  very  frequent.  It  is  sometimes  mild  and  transitory, 
but  again  extremely  severe  and  obstinate,  and  leads  to  rapid  loss  of 
strength.  The  stools  are  sometimes  simply  diarrhetic  in  character, 
though  again  contain  blood.  In  the  latter  cases,  the  most  careful  die- 
tetic and  remedial  regulations  are  oflen  insufficient  to  contn)l  the  uites- 
tinal  hemorrhage. 

[As  bearing  upon  the  gastro-intestinal  symptoms  it  may  be  recalled 
that  ulceration  in  the  gastro-intestinal  tract  has  been  noted  by  many 
writers.  Saundby'  reports  2  instances,  1  of  them  being  fatal  and 
showing  at  autopsy  healed  ulcers  in  the  intestines,  and  1  irregular 
superficial  ulcer  that  had  not  healed. — Ed.] 

In  conclusion  we  must  mention  the  ascites  which  frequently  occurs, 
especially  toward  the  termination  of  the  disease.  Milchner  examined 
the  cellular  constituents  of  the  fluid  and  found  that,  as  in  Ehrlich's  pleural 
exudate,  all  varieties  of  white  blood-corpuscles  were  present,  though 
mast  cells  predominated  to  the  extent  of  almost  50  per  cent. 

Skin. — ^The  skin  of  a  well-developed  case  is  usually  dry,  lusterless, 
pale  and  shows  an  inclination  to  all  forms  of  exanthemata,  erythema, 
acne,  furunculosis,  and  urticaria.  In  lymphatic  leukemia  the  skin  is 
very  frequently  the  seat  of  lymphomatous  tumors,  in  myeloid  leu- 
kemia this  is  by  no  means  so  frequent,  yet  several  times  it  has  been 
observed.  For  instance,  Hindenburg  found  in  one  of  his  cases  a  tumor 
the  size  of  an  apple  in  the  skin  of  the  thigh. 

As  in  cachectics  generally,  severe  sweating  is  common  in  the  late 
stages  of  myeloid  leukemia.  This  increases  still  more  the  suscepti- 
1  BriL  Med.  Jour.,  Jan.  5, 1900. 
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bility  of  the  skin  to  various  diseases^  aad  aids  in  the  production  of 
geiiei^  prostration. 

The  central  nerTOUS  aystem  has  been  found  variously  aflected 
in  leukemia,  and  we  have  very  thorough  descriptions  (even  though  few 
io  number)  of  the  .symptoms.  In  the  literature  that  we  have  seen, 
all  the  descriptions  referred  to  lymphatic  leukemia  ;  a  detailed  study 
of  the  symptoms,  therefore,  in  myeloid  leukemia  is  lacking.  Still, 
we  can  assume  that  the  t<.ymptoms,  produced  by  hemorrhage  into  or 
degeneration  of  the  nerves,  are  quite  iis  frequent  and  as  severe  a^  in 
lymphatic  leukemia.  Though  the  altenitions  dependent  on  infiltration 
and  tumor  Ibrmation  are  much  more  rare  in  myeloid  leukemia  since,  as 
has  hi-eu  previou.sly  explainol,  there  is  much  less  tendency  to  **  nietasta}?!::^," 

The  same  is  true  of  the  clinical  symptoms  refemljle  to  die  or£^atl8 
of  Special  SetlSe.  Some  of  the  functional  aUeraiions  in  the  eyCj  as 
wtU  as  those  seen  with  the  ophthalmoscope,  corres|iuiKl  to  those  found 
in  severe  anenibs  (st^e  tliis  volume,  p.  474).  They  are  the  result 
of  the  hemorrhagie  tliathesis  and  are  found  espet:ial!y  in  those  caseH 
manifesting  a  severe  hemorrhagic  character.  Since  anemia  is  by  no 
means  the  nde  in  myeloid  leukemia,  and  fretpiently  reaches,  at  must, 
a  slight  gradcj  many  cases  show  nc»  wular  disturbances.  The  white 
and  whitish-yellow,  sometimes  elevated  spots  on  the  retina,  described  by 
ophthalmologists  in  knikemia,  belong  as  far  as  we  can  see  to  lymphatic 
leukemia,  and  are,  from  an  anatumic  standpoint,  to  he*  regarded  as  round* 
cell  infiltrations  or  mere  extravasations  (Schmidt- Rim  pier).  Sticker. 
observed  in  1  case  of  myeloid  leukemia  clouding  of  the  vitreous,  k 
extravasations  <>f  bloiKl,  swelling,  and  clouding  of  the  papilla,  and  an 
extensive  detaeliment  of  the  retina  iif  one  eye. 

Com mnniciit ions  in  regard  tn  disease  of  the  ear  are  less  frequenL 
[Steinbruggc  and  P»^|tptT  long  ago  referred  to  deafness  as  among  the 
ocea-i^ional  symptoms  uf  leukemia, — ^El>.]  We  owe  to  iSchwabach  a 
complett^  presentation  of  this  subject.  Subjective  noises,  symptoms  of 
vertigo,  disturljances  of  hciiring  to  complete  deafiiess  in  both  ears,  are 
noted  not  ven'  rarely,  even  though  in  tixe  very  great  majority  of  cases 
no  aunil  compiications  were  observe<l.  During  life  hyperemia  of  and 
hemorrhage  int*>  the  tympanum  and  into  the  external  meatus  have 
been  seen  in  sevend  cases. 

As  to  the  sexual  orgfans^  priapism  is  e9|>ecially  frequent  (see  Sticker's ' 
case).    With  increasing  cachexia  the  loss  of  i>otentia  virilis  naturally  occurs* 
In  advanced  stages  there  ifi  complete  cessation  of  the  menses.     Yet,  in 
the  re(*ent  literature^  several  cases  have  bfen  described  in  which  women 
with  well-develo{>ed  leukemia  eoncsei  vecl  and  went  through  a  normal  labor. 
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The  autopsy  findings  in  myeloid  leukemia  differ  scarcely  at  all  1ar> 
the  naked  eye  from  those  in  lymphatic  leukemia^  excepting  in  the  bone- 
marrow.  We  shall  content  ourselves,  therefore,  with  a  brief  descrip- 
tion, referring  for  fuller  details  to  that  in  the  previous  section. 

We  find,  as  a  rule,  a  severe  general  anemia,  and  in  many  organs 
more  or  less  extensive  hemorrhages.  According  to  the  autopsy  reports, 
the  brain  and  spinal  cord  seem  to  be  the  particular  sites  for  hemor- 
rhages, even  in  those  cases  in  which  intra  vitam  not  the  slightest  clinical 
symptom  was  evident.  Next  in  order  we  find  the  retina  the  most  fre- 
quent seat  of  hemorrhages,  and  following  this  the  serous  membranes 
and  the  skin. 

The  blood,  post  mortem,  shows  such  a  peculiar  appearance,  even 
macroscopically,  that  Virchow  was  led  to  the  diagnosis  of  a  particular 
diseiUie  and  derived  the  name  from  it.  The  classical  description  given 
by  Virchow  in  this  first  case  may,  therefore,  be  given:  "The  heart 
was  filled  to  distention  with  large  greenish-yellow  clots  loosely  attached 
to  each  other  which  broke  up  under  the  touch,  were  not  adherent  to  the 
walls,  and  apj^eared  like  hardened  pus.  Similar  coagula  were  found  in 
the  aorta,  the  large  arteries  and  veins,  and  the  veins  of  the  lower  ex- 
tremities. Thin-walled  veins  looked  exactly  like  canals  filled  with  pus. 
The  surface  of  the  heart  and  cerebral  membranes,  the  veins  of  which 
were  markedly  distended  by  their  pus-like  contents,  seemed  to  be 
covered  with  solid  yellowish-white  cords.  The  contents  were  free  in 
the  vessels  and  the  walls  were  in  no  way  altered."  The  changes  in  the 
blood  are  not  so  marked  in  all  cases,  in  fact  some  come  to  section  show- 
ing the  blood  brownish  red  or  bmwn,  with  the  pus-like  clots  occurring 
only  in  specks. 

Another  blood  finding  in  myeloid  leukemia  is  Charcot-Ijcyden  crys- 
tals. According  to  Neumann  they  occur  regularly  and  exclusively  in 
this  form  of  leukemia. 

(For  the  appearance  of  the  blood-cells,  see  the  clinical  section.) 

According  to  Neuniann\s  thorough  investigations,  the  organ  which 
even  to  the  naked  eye  differentiates  myeloid  from  lymphatic  leukemia, 
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was  evident^  and  he  is  inclined  to  see  in  this  a  vicarious  action  of  the 
spleen  in  order  to  make  up  for  the  disturbed  function  of  the  bone- 
marrow.  Dominici  investigated  this  subject  experimentally,  and  suc- 
ceeded in  producing  or  finding  a  myeloid  metamorphosis  of  the  spleen 
in  guinea-pigs  in  different  conditions — ^namely,  during  pregnancy,  post- 
hemorrhagic anemia,  after  infection  with  bacillus  typhosus,  and  experi- 
mental tuberculosis. 

We  are  not  yet  in  a  position  to  explain  fully  the  significance  and 
manner  of  origin  of  this  myeloid  change,  yet  it  is  practically  beyond 
doubt  that  the  enormous  increase  of  bone-marrow  cells  in  the  blood  is 
to  be  referred  in  part  to  a  proliferation  in  this  newly  developed  myeloid 
tissue. 

Apart  from  the  occurrence  of  this  myeloid  tissue  in  the  spleen,  we 
are  completely  in  the  dark  about  the  nature  and  significance  of  the 
splenic  tumor  in  myeloid  leukemia. 

What  has  been  said  in  r^ard  to  the  spleen  is  applicable  to  both  the 
peripheral  and  visceral  Ijrmph  jflands.  According  to  Virchow,  their 
enlargement,  which  may  vary  in  extent  and  distribution  in  different 
cases,  represents  pure  hyperplasias  associateil  with  connective-tissue 
overgrowth.  A  myeloid  metamorphosis  is  also  frequently  found  which 
indicates  the  partici{)ation  of  the  glands  in  the  overproduction  of  b<me- 
marrow  cells. 

Corresponding  to  the  description  of  the  clinical  symptoms,  the 
liver  is  found  considerably  enlarged  in  a  great  number  of  cases.  This 
is  usually  the  result  of  a  pure  hyperplasia  of  the  liver  tissue.  Yet 
how  far  a  lymphomatous  development,  such  as  is  seen  in  lymphatic 
leukemia,  may  be  responsible  can  not  be  said  on  account  of  the  lack 
of  properly  investigated  material.  Virchow  expressly  insists  that  his 
cases  were  lymphatic  leukemia. 

It  is,  moreover,  extremely  difficult  from  the  autopsy  reports  at  hand 
to  decide  how  far  the  general  tendency  to  lymphomatosis,  charac- 
teristic of  lymphatic  leukemia,  is  present  in  myeloid  leukemia.  Yet 
it  seems  to  me  certain  that  the  tendency  exists  in  a  much  less  degree  in 
this  disease,  even  though  it  has  been  described  in  several  well-authenti- 
cated cases. 

Apart  from  the  alterations  produced  in  other  organs  by  the  anemia, 
hemorrhages,  etc.,  we  find  but  few  deviations  from  the  normal  which 
can  be  brought  into  relation  with  the  leukemia.  We  may  mention,  for 
instance,  the  absolutely  negative  finding  in  the  respiratory  organs,  even 
in  cases  in  which  the  patient  has  been  tormented  for  months  by  severe 
dyspnea  and  violent,  almost  uncontrollable  coughing  spells.     On  the 
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part  of  the  heart,  Ehrlich  mentions  the  disooveiy  of  an  ulcerative  endo- 
carditis, though  its  dependence  on  the  leukemia  is  not  evident.  Cor- 
responding to  the  severe  diarrheas  frequently  observed  during  life, 
diphtheritic  ulcers  of  the  intestine,  especially  the  lai^  intestine,  are 
sometimes  found. 

Excited  by  the  observations  in  progressive  pernicious  anemia,  in- 
vestigations of  the  central  nervous  system  have  been  made  in 
leukemia,  several  of  which  (Nonne)  pertain  to  myeloid  leukemia.  In 
1  case  a  more  or  less  advanced  acute  myelitis  was  found  irr^ularly 
distributed  over  circumscribed  areas,  together  with  sclerosis  of  isolated 
foci  in  the  posterior  columns. 

On  the  part  of  the  kidneys  we  may  mention  the  uric-acid  deposits, 
which  undoubtedly  stand  in  very  close  relation  to  the  disease. 

The  findings  in  the  eye  correspond  to  those  seen  with  the  ophthal- 
moscope and  described  in  the  symptomatology. 

From  Schwabach's  previously  quoted  investigations  it  appears  that 
the  ear  is  frequently  affected  in  leukemia.  The  great  majority  of  cases 
studied  by  him,  which,  however,  were  principally  lymphatic  leukemia, 
showed  hemorrhages  or  their  results,  or  lymphocytic  accumulations. 
The  lesions  are  found  in  the  external  and  middle  ear,  though  even 
more  commonly  in  the  nervous  apparatus  of  the  oigan. 


COURSE  AND  DURATION,    PROGNOSIS. 


The  disease  begins  insidiously^  and  all  the  cases  reported  so  far  came 
into  the  hands  of  the  physician  only  after  all  the  symptoms  were  well 
developed.  Even  at  this  time,  as  previously  stated,  the  general  condi- 
tion of  the  patient  may  be  very  good.  Moreover,  without  any  im- 
provement in  the  leukemic  symptoms,  in  fact  even  when  they  continue 
to  increase  in  intensity,  the  patient's  strength  may  be  preserved  for 
months  or  years.  True,  sometimes  even  in  the  early  stages,  severe 
Accidents  happen  unexpectedly  or  death  itself  may  occur  as  the  result 
of  a  severe  hemorrhage  or  cerebral  apoplexy.  The  fatal  termination 
occurs,  as  a  rule,  early,  when  severe  anemia  and  a  rapid  diminution  of 
strength  is  produced  by  persistent  hemorrhage,  fever,  or  diarrhea.  The 
exitus  lethalis  then  occurs  under  symptoms  of  general  marasmus,  severe 
subjective  disturbances  of  every  kind,  and  various  complications,  like 
pleurisy,  peritonitis,  and  general  anasarai.  In  some  cases  severe  cere- 
bral symptoms,  like  delirium,  maniacal  paroxysms  or  coma,  act  as  the 
forerunners  of  approaching  death. 

Yet,  even  when  apparently  far  advanced,  we  sometimes  observe  a 
retrogression  of  the  severe  symptoms  and  a  renewal  of  the  strength, 
for  instance,  the  proportion  of  whites  to  reds  becomes  more  favorable, 
the  enlargement  of  the  diflTerent  organs,  especially  the  spleen,  retro- 
gresses, the  fever  ceases,  nourishment  improves,  strength  returns,  and 
some  patients  are  even  able  to  take  up  again  a  strenuous  occupation. 
These  variations  in  the  severity  of  the  symptoms  occur  repeatedly  in 
individual  cases,  just  as  they  are  apt  to  do  in  every  disease  running  a 
chronic  course.  Yet  they  are  not  to  be  compared  with  the  complete 
^disappearance  of  the  symptoms  which  we  occasionally  see  in  progres- 
sive pernicious  anemia,  for  the  myeloid  leukemia  alvrays  continues  to 
be  evident  in  the  blood,  even  when  the  subjective  and  the  objective 
>8ymptoms  become  decidedly  less  marked. 

The  literature  so  far  shows  no  case  of  myeloid  leukemia  accurately 
^observed  which  ran  an  acute  course.  Almost  all  the  cases  of  acute 
leukemia  were  lymphemias,  and  the  majority  described  as  myeloid  leu- 
kemia are  to  be  explained  by  the  confusion  of  the  large  lymphocytes 
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with  the  large  mononuclear  leukix*ytes.  Cabot's  2  (mi^es  alooey  which 
hiive  been  previously  nicDtiunetl  on  acocmnt  of  tbeir  relation  ro  each 
other  (,^e  p.  *>48),  seem  to  be  tnie  myeleniia,  [Billings  and  Capps  * 
eon  tribute  a  valuable  article  on  acute  myelogenous  leukemia,  reporting 
1  cast!  under  their  own  ob^rvatiou.  They  review  the  literature  very 
thoroughly^  referring  first  of  all  to  the  cai*es  of  acute  leukemia  collected 
by  Fraiukel  up  t*>  1895,  and  to  the  conclusion  of  thiy  author  that  all 
ciiaes  of  acute  leukemia  are  lymphatic.  A  number  of  authors  have 
recently  objected  U>  this  view.  Billings  and  Capps  have  collected  7 
instances  of  acute  myelogenous  leukemia  Ijesides  their  own  and  2 
others  which  are  rather  doubtfuL  Among  the  conclusions  drawn  from 
the  analyses  of  these  8  cases  arc  the  following :  The  disease  begins 
abruptly  like  an  infection.  In  4  there  was  an  inflammation  of  the 
throat  and  in  3  a  necrosis  of  the  jaw  or  palate.  In  6  the  glands  were 
moderately  enlarged,  the  cervical  group  usually  being  affected.  The 
spleen  was  felt  in  every  caR^,  but  in  only  2  did  it  extend  more  than  a 
finger'^  breadth  below^  the  ribs.  Hemorrhnges  w^re  present  in  every 
case  in  which  the  history  was  obtained  and  irregular  fever  was  usually 
present.  Severe  and  rapi*lly  developed  anemia  is  the  nde,  but  irr 
larity  of  the  ned  cells  is  less  conspicuous  than  in  pernicious  anemia," 
The  white  cells  number  from  16,000  to  540,000;  the  average  being 
much  below  that  of  chrf»nic  myelogenous  leukemia.  The  diagnosis 
must  be  made  from  the  following  conditions  : 

L  Chronic  myelogenous  leukemia  with  an  acute  exacerbation  (Itei- 
mann).  The  history  and  the  great  enlai^ment  of  the  spleen  are  the 
principal  distinguishing  points.  2.  Lymphatic  leukemia,  complicated 
by  an  intercurrent  infection  (HirschlaH*).  The  presi^nce  of  polynuelear 
cells  in  abundance  and  the  small  numl>er  of  myelocytes  furni.sbes  the 
distinction.  3.  Acute  lymphatic  leukemia  with  predominance  of  la 
mononuclear  cells.  The  absence  of  myelocytes  is  the  principal  distin- 
guishing feature.  4.  Acute  infections  with  grave  and  rapid  anemia, 
and  with  the  pre»sence  of  nucleated  red  cells  and  myelocytes.  Leube 
reports  such  a  case  and  thought  it  dae  to  irritation  of  the  bone-marrow. 
The  white- blood  count  is  generally  lower  than  in  leukemia.  5.  Ex-j 
aoerbiitions  of  pernicious  anemia.  Prior  examination  of  the  blcx 
w^ould  ftimish  the  distinction,  Billings  reported  a  case  in  which  the 
leukocytes  numbered  34,000  two  days  before  death,  and  there  were  29.4 
jjer  cent,  of  myelocytes,  6,  Tumors  of  the  bone-marrow  and  the 
enonnous  number  of  uueleated  red  cells.  The  chronic  course,  gradual 
anemia^  and  small  number  of  myeloeytes  characterize  such  OBses. 
■  AwnT,  Jour,  of  the  Mtd.  SdenetSj  Sept,  1903. 
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In  studying  these  cases  there  is  always  difficulty  in  separating  large 
mononuclear  cells  from  the  myelocytes.  A  rule  which  the  author  has 
adopted  was  to  consider  as  myeloid  cells  any  large  mononuclear  cells 
seen  in  association  with  large  numbers  of  myelocytes  of  the  same  size, 
when  many  of  the  mononuclears  showed  indistinct  granulations. 

Turck '  reports  a  case  of  acute  myeloid  leukemia  with  green  color 
of  the  bone-marrow.  The  patient  was  a  man  who  had  previously  been 
healthy,  but  during  six  months  had  grown  pallid  and  had  suffered  from 
hemorrhages  from  the  gums.  Following  this  there  was  a  rapid  increase 
in  the  severity  of  his  general  condition.  There  were  ecchymoses  under 
the  skin  and  conjunctiva,  and  a  hemorrhagic  neuroretinitis.  The  spleen 
was  moderately  enlarged.  The  blood  examination  showed  1,000,000 
red  cells  without  morphologic  change,  and  1 9  per  cent,  of  hemoglobin. 
The  leukocytes  numbered  40,000,  of  which  40  per  cent,  were  myelo- 
cytes, 32  per  cent,  polynuclears,  and  15  per  cent,  lymphocytes.  The 
anemia  increased  and  death  ensued  without  the  development  of  fever. 
The  essential  lesion  found  at  the  autopsy  was  a  diffuse  grass-green 
coloration  of  the  marrow  in  the  vertebral  ribs,  sternum,  the  proximal 
portion  of  both  femurs,  and  a  preparation  from,  the  marn)w  showed  it 
composed  almost  entirely  of  neutrophile  myelocytes. — Ed.] 

In  spite  of  the  indefiniteness  of  its  beginning,  we  can  say  that  the 
entire  duration  of  the  disease  is  at  least  six  months.  As  a  rule  it  lasts 
longer  than  a  year.  In  one  case  described  by  Virchow  and  in  another 
by  Hihdenburg  it  lasted  four  years. 

The  prosn^osis  is  absolutely  unfavorable.  Not  one  of  the  cases 
mentioned  in  the  earlier  literature  as  cured  will  stand  the  tests  neces- 
sary to  the  diagnosis  of  myeloid  leukemia.  We  must,  therefore,  say 
that  myeloid  leukemia  is  incurable.  It  leads  t^)  death  in  a  compara- 
tively short  time  despite  all  therapeutic  measures. 
*  DaUaeh.  med.  Woeh.,  No.  22, 1903. 


COMPLICATIONS. 


We  have  seen  that  mjelMid  leukemia  readily  draws  into  partidp»^1 
tioBj  principally  by  hemorrhage  aod  enlarge nieut,  other  structctres  ^ 
beside^  the  bluod  and  blond-making  organs.  Moreover,  wliat  m  not  sur- 
prising in  i^ueli  a  chronic  atle<"tiunj  otiier  diseases  may  be  added  which 
have  no  relation  to  the  lenkemie  process  per  se,  but  arise  only  on 
ac^'oimt  uf  the  favorable  soil  oreateil  by  it.  We  may  mention  espe- 
cially phthisis  pulmonum,  endocarditis,  nephritis,  amyloid  disease  of 
the  liver  and  kidneys,  and  dial^etes. 

[Eisner  and  Groat '  report  a  case  of  leukemia  complicated  by  the 
develtipmi-nt  of  tnbeR;nlosis.  With  the  ap[Kjamnc*e  of  tlie  tul>ercular 
manifestations,  the  niiml)er  of  leukocytes  diminished  and  the  neutn*- 
phile  cells,  and  lymphocytes  increased  proportionately  while  the  myelo- 
cytes sho^ved  a  corresponding  decrease.  A  case  similar  to  this  wa» 
reported  by  Sturnitlorf,"^  who  csilled  especial  attention  to  the  fact  that 
there  was  a  change  in  the  pn>jK>rtion  of  myelocytes  and  neutropbile 
cells  during  the  febrile  attacks  to  which  the  patient  was  liable.  In 
these  cases  the  tubercular  process  involved  the  larv^nx  as  well  as  the 
Inngs.  Hirschfeld  and  Tobias  repf>rt  a  third  case,  and  have  collected 
10  eases,  not  including  that  of  Sturmdorf,  making  a  total  of  12  cases'^ 
so  far  reported.  In  their  own  case  the  number  of  leukocytes  dimin- 
ished, though  not  so  markedly  as  in  others,  at  the  onset  of  the  tuber- 
cular trouble.  Neither  was  there  the  striking  change  in  the  leukocytic 
count* — Ed.] 

These  complications  excite  but  little  interest.  Still,  we  art^  attracted 
by  the  peculiar  influences  exerted  by  acute  infectious  diseases  on  tlie 
leukemic  process.  Several  cases  of  myeloid  leukemia  have  been  de- 
scribed in  which  all  the  symptoms  of  the  disease  markedly  improved 
under  the  influence  of  an  acute  infectious  disease.  These  cases  w*ere 
seen  in  c<jniph'catir>n  with  phthisis  pulmonum,  influenza,  sepsis,  and 
erysipelas.  Brifdpefas  especially  has  shown  a  very  peculiar  modifying 
influence  on  the  whole  disease.  For  instance,  among  others,  Richier 
descriix^d  a  caae  in  which  a  decrease  in  the  number  of  white  blood- 
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corpuscles  from  380^000  to  29^100  took  place  immediately  after  an 
outbreak  of  erysipelas.  The  general  condition  also  improved  consider- 
ably,  the  fever  ceased,  and  nutrition  became  better. 

The  most  pronounced  case  of  this  kind  was  recently  described  by 
E.  Kraus.  In  this  case  a  complete  retrogression  of  all  the  leukemic 
symptoms,  even  those  of  the  blood,  followed  the  appearance  of  a  circum- 
scribed erysipelas.  The  erysipelas  led  to  a  subacute  diplococcus  and 
streptococcus  infection,  an  old  tuberculosis  became  generalized,  and 
the  patient  died  about  a  month  after  ''  cure "  of  the  leukemia.  At 
autopsy,  apart  from  a  moderate-sized  tumor  of  the  spleen,  there  was  no 
anatomic  sign  of  the  leukemia ;  even  the  portion  of  the  bone-marrow 
examined  was  found  normal. 

Acute  infectious  diseases  may  likewise  change  the  picture— especially 
the  blood  finding — in  an  opposite  way,  namely,  by  the  production  of  a 
marked  leukocytosis,  which  completely  transforms  for  a  time  the  pre- 
viously pure  leukemic  picture. 

Nothing  decisive  can  at  present  be  stated  in  regard  to  the  relation 
of  myeloid  to  lymphatic  leukemia,  particularly  as  to  the  possibility  of 
transition  of  one  into  the  other.  Such  a  transition  has  been  several 
times  asserted,  yet  so  fiir  we  have  no  positive  evidence  from  an  accurate 
morphologic  analysis  of  the  blood  in  the  different  stages. 

Thus,,  for  instance,  a  frequently  quoted  assertion  of  v.  d.  Weys  says  that 
he  found  in  one  case  of  positive  myeloid  leukemia  at  the  beginning  of  July, 
65.5  per  cent  myelocytes,  and  in  August  and  September  96.3  per  cent 
mononuclear  non-granular  white  blood-corpuscles,  which  he  believed  to  be 
lymphocytes.  From  the  observer's  description,  however,  there  is  no  evi- 
dence contrary  to  the  assumption  that  this  96.3  per  cent  of  mononuclear 
non-granular  cells  represents  entirely  or  partially  the  ordinary  large  mono- 
nuclear leukocytes  (Naegeli's  "myeloblasts").  In  fact,  this  picture  may 
have  represented  a  process  observed  in  severe  anemias,  namely,  complete 
disappearance  of  the  neutrophile  granules  under  the  influence  of  general 
marasmus. 

For  the  relations  of  progressive  pernicious  anemia  to  leukemia  sug- 
gested by  Litten,  see  p.  304. 


DIAGNOSIS. 


For  the  diagnosis  of  a  disease  which  is  differentiated  from  others 
only  by  the  appearance  of  the  blood,  the  microscope  is  an  absolute 
essential.  A  further  essential  is  the  dried  stained  preparation  in  order 
to  differentiate  the  various  granulated  and  non-granulated  cells,  espe- 
cially the  large  mononuclear  leukocytes  and  lymphocytes. 

Yet,  it  can  not  be  denied  that  in  advanced  cases  the  examination 
of  the  fresh  unstained  blood  may  be  sufficient  to  make  a  diagnosis,  not 
only  of  leukemia,  but  even  the  kind  of  leukemia.  With  experience 
we  vmi  learn  to  differentiate  the  various  granulations  even  in  unstained 
bliKKl,  ailer  we  have  been  taught  their  appearance  in  stained  specimens. 
Yet,  in  obscure  cases  requiring  a  more  careful  study  of  the  individual 
white  bkxKl-oorpuscles,  the  dried  preparation  and  a  triacid  stain  or  an 
equivalent  are  essential. 

The  statement  of  all  the  points  in  the  diagnosis  would  require  a 
rejietition  of  what  has  been  tlioroughly  discussed  in  the  general  part 
(p.  125),  and  in  the  Sfxxjial  Symptomatology-  (p.  649).  We  will,  there- 
ion\  conUmt  ourselves  with  a  brief  review  of  the  most  important 
thinsrs  nivi^ssjirv  for  a  practical  diagnosis,  and  refer  for  further  study 
to  the  two  chapters  named. 

lnde|Hnulently  of  other  clinical  symptoms,  the  following  are  neces- 
sary' ti>r  a  diagnosis  of  myeloid  leukemia  : 

1.  The  granular  mononuclear  leukoc\'tes  (Ehrlich's  myelocytes) 
must  iMustituto  a  ci>nsidenible  number  of  all  the  white  blood-<«lk. 
Their  ap|H\ipani^  in  the  bUxxl  is  ah^iiys  somewhat  abnormal,  yet  in 
non-leu koinio  i^isos,  even  when  their  percentage  is  moderately  high, 
their  ahs<^hue  lumilvr  is  small,  in  fact  fer  below  the  smallest  numbers 
ever  ol^^iTveil  in  myeloid  leukemia.  The  diagnostic  significamce  of 
tlu^o  ivils,  tliorefore,  is  greater,  the  greater  the  deviation  of  W.  :R. 
liXHU  tlu*  nomial. 

-.  The  tH>sinophiIe  mom>-  and  polynuclear  cells  must  be  consider- 
ably  inoreas<\l.  Their  percentage  may  not  be  greater  than  a  hicli 
normal  |^^>— 4  per  c^it),  yet  their  actual  numbo'  per  cubic  millimetier  is 
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incoinparahly  greater  than  in  the  must  marked  cases  of  pure  eosino- 

philia  yet  observed. 

3.  The  maat  cells  must  show  a  great  absolute  increase. 

4,  Nucleated  red  blood-eorpuscles  of  especially  uormnblastic  type 
must  be  readily  found. 

With  tliene  qualitative  alterations  of  the  morphologic  elements  of 
the  blood,  tlie  diagnosis  of  leukemia  is  assured.  Yet,  Ehrlich^s  re- 
quirement must  not  be  forgotteUj  namely,  that  all  of  these  character- 
isticB  must  be  present  simultaneout^ly. 

[Referring  to  the  difficulty  in  diagnosis  of  leukemia  from  the  mor- 
phology, Lipowski  ^  rt^ttTS  to  a  case  of  carcinoma  of  the  bowel  with 
marked  leukocyto>?i.s  and  pronounced  anemia.  Tlie  white  cells  were 
present  in  a  pnijxjrtion  of  1  :  18  of  the  red.  Nucleated  red  C4>rpus- 
cles  and  myeloblasts  were  found,  and,  in  the  absence  of  a  tumor  or 
glandular  swelling,  a  diagnosis  of  leukemia  was  made.  The  condition 
of  the  blood  he  attributes  to  secondary  metastiisis  in  the  bone-marrow 
and  ret^iUs  the  ca^  of  Nothnagel,  in  which  the  picture  of  lymphatic 
leukemia  resultetl  from  lymphosarcoma  metastases  in  tlie  bone-marrow- 
In  his  own  case  the  white  cells  were  neutrophilic,  not  a  single  non- 
gnuiular  cell  or  aj.sinophile  being  found.  It  is  evident  that  Ehrlich's 
strict  requirements  were  not  fulfilled  in  this  case. — Ed.] 

As  is  evident  from  the  data  given  under  the  symptomatology,  the 
simple  quantitative  estimation  of  the  proportion  of  whites  to  reds  which 
was  previuu.^Iy  eonsideretl  as  the  only  essential,  is  not  sufiScient.  For, 
in  the  first  place,  there  are  cases  of  genuine  myeloid  leukemia  in  which 
the  proportion  of  W.  :  R,  was  very  high  ;  for  instance,  1  :  200  (v,  Noor- 
den)  and  in  the  second,  there  are  cases  of  simple  neutrophile  leukocy- 
tosis in  which  W. :  R,  showed  a  decided  decrease  1  :  50,  1  :  30,  1  :  25, 
1:15. 

In  the  same  way  the  purely  clinical  symptoms  have  l>een  jtroven 
insufficient  for  a  diagnosis.  The  enlargement  of  the  spleen  and  lymph 
glands,  the  tenderness  of  the  bones,  the  hemorrhages  are,  it  is  true, 
adapteil  to  aid  in  the  proper  diagnosis,  yet  nothing  can  l)e  proven  by 
them.  In  this  connection  it  is  worth  while  recalling  the  case  mentioned 
several  times  previously,  which  presented  the  characteristic  blood- 
picture  without  one  of  these  gross  clinical  symptoms. 

Finally,  thoretbre,  the  examination  of  the  blood  is  the  only  criterion 
in  the  difrerentiation  of  all  the  conditions  which  show  a  similarity  in 
their  general  clinical  symptoms  with  leukemia,  as  severe  anemia^  septki 
processes,  intermittent  fever,  etc. 

*  DeuUieh,  ffudL  Woch.,  May  24,  1900. 
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A  n^ative  blood-finding,  however,  is  to  be  viewed  with  caution 
when  there  is  the  slightest  suspicion  that  an  intercurrent  disease ;  as,  for 
example,  sepsis  may  be  masking  the  leukemia.  For,  as  the  case  described 
on  p.  671  shows,  the  picture  of  myeloid  leukemia  may  thus  be  completely 
obliterated.  StiU,  in  most  cases  one  or  more  of  the  cardinal  symptoms 
always  remain  recognizable  to  strengthen  or  awaken  the  suspicion  of 
mydemia,  though  even  ihen  a  positive  diagnosis  may  only  be  made 
after  the  transit  of  the  complication. 


TREATMENT. 


The  discussion  of  the  therapy  unfortunately  consists  only  in  the 
enumeration  of  the  futile  attempts  to  do  something.  In  this  r^ard 
there  is  not  the  slightest  dilference  between  lymphatic  and  myeloid 
leukemia,  and  we  may  refer,  therefore,  to  the  chapter  on  the  former 
(see  p.  613). 

Still,  on  account  of  the  ranch  greater  frequency  of  the  splenic  tumor 
in  myeloid  leukemia,  we  wish  to  expressly  state  that  splenectomy  as  a 
therapeutic  measure  is  not  to  be  considered.  In  fact,  the  oj)eration  itself 
has  resulted  in  death  in  the  majority  of  cases  due  either  to  the  immense 
size  of  the  tumor  or  fatal  hemorrhage.  Yet,  even  when  the  oijemtion 
was  without  iatality,  not  the  slightest  influence  was  produced  on  the 
course  of  the  disease.  Further,  all  the  theoretical  considerations  in 
regard  to  the  significance  of  the  splenic  tumor  are  absolutely  against 
splenectomy  ;  consequently  recent  writers  (F.  Kraus,  Braun,  d  at)  are 
justifietl  in  placing  leukemia  among  the  contra- indications  to  spleneckimy. 

Expectations  that  remedial  measures  will  be  found  for  leukemic 
conditions  are  based  on  the  favorable  influence  of  intercurrent  diseases 
(see  p*  G70),  Experiments  in  this  connection  must  be  directed  to  the 
finding  of  weak  infections  or  intoxications  capable  of  checking  the 
leukemic  process  without  endangering  the  life  of  the  patient.  The 
experiments  made  so  far,  however,  have  unfortunately  prov<xl  futile. 

[The  editor's  experiments  with  vaccination  have  proved  the  futility 
of  this  procedure. — ^Ed.] 

X-ray  Treatment. — vSome  remarkable  results  have  been  achieved 
by  the  ^-ray  treatment  of  pseudoleukemia  and  leukemia. 

Pusey  ^  repirte<l  a  case  of  pseudoleukemia  symptomatically  cured, 
and  a  little  later  Williams'  reported  3  cases  1  of  which  showed  remark- 
able improvement, 

Tlie  same  year^  Senn^  reported  2  cases  symptomatically  cured. 
Dunn  *  reported  a   similar  case  in  which,  after  a  year's  interval,  no 

*  Jmr.  Amer.  Med.  Asaoc.^  1902,  p.  911. 

■  The  Rontfjen  Rayn  in  Med.  and  Surg.^  Iftt  edition. 

•  Nm  York  Med,  Jour.,  1903,  p.  ^m.  *  InUmat.  Jow,  of  Surg.,  1W3,  p.  315. 
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recurrence  was  observed.  Rodman  and  P&hler  ^  rep 
treatment,  all  of  them  improving.  Butler '  reported  2 
improvement.     Cbilds  *  recorded  1  case  improved. 

The  literature  of  the  treatment  of  leukemia  is  less 
reported  the  apparent  cure  of  a  case  of  myelogenoi 
blood  examinations  were  not  made  with  sufficient  dc 
an  evident  diminution  in  myelocytes  and  in  the  vol 
One  of  the  cases  reported  by  the  same  author*  i 
seems  to  have  been  leukemia.  The  number  of  leul 
was  230,000  per  cmm.,  of  which  78.75  per  cent,  w 
cytes  and  14.25  per  cent,  large  mononuclear  lymph 
case  and  the  other  of  pseudoleukemia  reported  by  £ 
health  on  March  20,  1904,  according  to  a  letter  from 
Stone.  The  case  of  myelogenous  leukemia  reported  1 
same  date  again  under  treatment,  having  suffered  a  n 

Grad*  reported  a  case  with  improvement.  The  d 
imperfectly  recorded.  E.  J.  Brown  ^  reported  an  ins 
ous  leukemia  symptomatically  cured.  The  blood  c 
beginning  of  treatment  showed  2,600,000  red  cc 
white  corpuscles.  The  difiFerential  count  of  the  lat 
phonuclear  40  per  cent.,  myelocytes  40  per  cent., 
cent.  The  hemoglobin  was  65  per  cent.  The  spl 
the  seventh  rib  to  two-fingers  breadth  below  the  umb 
and  iron  were  administered,  and  a:-ray  treatment  apj 
region  twice  weekly.  After  two  months,  the  leukoc} 
later  they  increased  to  129,000,  and  again  decreasec 
months  later,  they  numbered  7,894 ;  the  red  corpus< 
hemoglobin  was  95  per  cent.  The  patient's  weight  ii 
The  albuminuria  which  was  present  during  the  treai 
Dermatitis  had  been  present  once  or  twice  over  \ 
during  the  treatment.  There  were,  however,  no  toxc 
any  rise  of  temperature  such  as  occurred  in  Senn's 
gested  that  an  accidental  infection  might  have'sometl 
result  of  the  treatment.     Grosh  and  Stone  *  report€ 

»  PMa,  Med,  Jour.,  1903,  pr.  971. 

'  Loui'gvilU  Monthly  Jour,  of  Med.  and  iiurg.y  1903, 

» Med.  NewSy  1904,  p.  145. 

*  Med.  Ke^-ord,  Aug.  22,  1903. 
»  New  York  Med.  Jour.,  April  25,  1903. 
*^Jour.  Adv.  Therap.,  Jan.  1904,  p.  30. 
'  Jour,  of  Amer.  Med.  A8»oe.y  March  26,  1904. 

•  [bid.,  April,  1904.  •  Ihid.,  July  2 
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during  June  the  average  blood-count  was  2,600,000  red  corpuscles,, 

940,000  leukooytes,  and  45  per  cent,  heraoglobin.  lu  July  the  average 
was  3,600,000  retl  corpuscles,  620,000  leukocyte^*,  aud  64  per  cent. 
heniogltjbin.  The  followiog  Jvovember  the  leukocytes  wexe  175,000, 
the  heraoglobin  70  per  ceut.  In  December,  1*35,000  leukocytes,  65  per 
cent,  hemoglobin.  In  Januar\%  2,600,000  red  corpuscles  211,000  leu- 
ktx^yte.s,  00  per  cc^nt.  hemoglobin.  In  February,  the  count  was  practi* 
cally  the  same.  During  all  of  this  time  there  was  a  high  jicR-entage 
of  myelocytes,  the  range  being  from  27.9  to  52  per  ci»nt.  The  eosino- 
philes  ninged  from  2,5  to  8,5  per  cent.  Arsenic  treatment  was  insti- 
tuted in  June,  1903,  the  exact  quantities,  however,  not  bciug  stated. 
X-ray  treatment  was  begun  Febniary  2l5t,  and  during  the  treatment 
small  d<ises  of  arsenious  acid  were  taken  interually,  Tlie  t^nbsecjuent 
blo4id-counts  were  as  follows:  March  10th,  2,507,000  red,  52,600 
white,  55  per  cent,  hemoglobin,  March  18th,  14,918  leukocytes, 
March  22nd,  after  20  trcatmeuts  3,578,780  rtnl  c^iqnieit^es,  11,480 
leukocytes,  70  per  cent.  Iiemoglobin,  At  thii!^  time  the  treatment  was 
stoppe<i  on  account  of  a  geueral  erythematous  eruption.  The  spleen 
was  srmiewhat  smaller.  March  26th,  the  leukocytes  numbered  11,360, 
April  10th,  10,600.  During  this  e^me  periml  the  myehwytes  deeliTied 
from  21  per  cent.,  on  March  10th,  to  2  per  cent.,  and  the  spleen  de- 
creaseil  considembly  in  size.  At  this  time,  the  patient  suddenly  failed 
in  strength  and  died  from  general  asthenia.  There  had  tjeen  extensive 
a?-ray  bums^  which,  however,  were  healing  nicely  and  there  wa*^  no 
evidence  of  general  toxemia.  An  antojjsy  was  made  and  the  usual 
characters  of  the  leukemic  organs  were  recognized, 

George  Dnek  ^  iias  pubhsljed  a  complete  review  of  the  <ubjert  of 
Rontgen-ray  treatment  of  leukemia,  bas^^l  ii|>ou  the  study  of  the  n>jK>rts 
of  29  cages.  Several  other  ea^s  are  referred  to  indirectly  in  the  lit* 
emture  but  could  not  be  tabulated.  Two  cases  of  acute  lymphatic 
leukemia  were  treated,  and  lu^th  died,  1  ti30  early  af\er  the  treatment 
was  l>egun  to  have  ony  bearing  on  tlie  efl'ects  of  the  treatment.  The 
cai^e  rejwrted  ijy  Capps  and  Smith  diet!  within  ten  days,  and  should 
also,  in  Dock's  opinion,  l>e  ejccluded  from  serious  consideration. 
There  is,  however,  uotliing  better  to  offer.  Of  chronic  lymphatic  cases, 
there  were  5,  of  which  that  of  Senu,  reportal  in  Ajiril,  H>03,  wils  Btill 
living  in  March,  1904,  though  reported  as  dead  In  Capps  and  Smitli's 
table.  In  the  other  chrfwiic  lymphatic  crises  the  results  were  uniformly 
encouraging,  even  when  the  ultimate  outcome  was  a  fatal  one.  There 
were  21  casee  of  mixed-oelled  myologenons  or  spleoomedullary  leu- 
*  Ameriean  Medirinf^  Dec,  24,  1904. 
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out  long  eDough  to  speak  of  a  curie.  The  action  of  the  Rontgen  rays 
Ls  pmbably  upon  the  tissues  that  produce  the  pathulogio  leukocytes, 
eitljcr  directly  or  through  the  prijductiun  or  setting  free  of  .subsstanoes 
that  influence  cell  formation,  degeneration,  chemotaxis,  or  all  of  these 
processes. 

No  stronger  claim  can  be  made  (or  this  treatment  than  for  arsenic 
and  certain  serums  or  l>acterial  toxic  substances,  but  it  may  prove  more 
certain  in  its  action  than  ars-^nic,  and  can  be  more  readily  applied  in 
practice  than  the  injectit^n  methods.  No  special  directions  can  be  laid 
down  for  the  treatment,  but  greiit  care  must  be  taken  to  avoid  bums. 
—Ed.] 
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Abdomen  in  chlorosis,  364 

Abdominal  organs  in  chlorosis,  position,  410 

Absorption  in  chlorosis,  422 

in  simple  chronic  anemia,  224 
Acetonuria  in  progressive  pemicioiis  ane- 
mia, 266 
Achlorhjdria  in  chlorosis,  417 
Achylia  gastrica  in  progressive  pemidoas 

anemia,  271,  287 
Acid  stains  for  blood,  41 
Acids,  craving  for,  in  chlorosis,  408 
Acne  in  chlorosis,  treatment,  526 

simplex,  in  chlorosis,  437 
Addison's    disease,   progpressive  pemidoas 

anemia  and,  differentiation,  315 
Age,  chloroma  and,  576 

in  diagnosis  of  chlorosis,  470 

in  etiology  of  chlorosis,  342 

leukemia  and,  549 

myeloid  leukemia  and,  647 

pseudoleukemia  and,  618, 625 

red  corpuscles  and,  21,  22 
Albumin  in  blood  in  chlorosis,  382 

in  progressive  pernicious  anemia,  260 
in  simple  chronic  anemia,  213 

in  diet  in  chlorosis,  505 

in  prophylaxis  of  chlorosis,  480 

in  urine  in  chlorosis,  457 
Albuminous  decomposition  in  post-hemor- 

rhagic  anemia,  165 
Albumins  in  chlorosis,  metabolism,  444 
Albuminuria   after   post-hemorrhagic  ane- 
mia, 164 

cyclic,  in  chlorosis,  457 

in  acute  leukemia,  558 

in  chlorosis,  457 

in  chronic  leukemia,  592 

in  myeloid  leukemia,  659 

in  progressive  pernicious  anemia,  265 

intermittent,  in  chlorosis,  457 

simple  chronic  anemia  from,  197 
Albumose,  Bence-Jones,  in  urine  in  chronic 

leukemia,  593 


Alcohol  and  ether  as  fixative  for  dried 
specimen,  38 
as  fixative  for  dried  specimen,  38 
in  treatment  of  chlorosis,  508 
simple  chronic  anemia  from,  208 
Alexins,  107 

Alkali  in  blood,  demonstration,  46 
Alkalimeter,  Dare's,  217 

Engel's,  215,  216 
Alkalinity  of  blood,  33 
Dare's  method,  217 
in  simple  chronic  anemia,  215 
Low/s  method,  215 
titration  method,  215 
Altitude,  effect  on  number  of  red  corpa»- 

cles,  22 
Altmann's  method  for  g^ranules,  97,  98 
Amaurosis    in    post-hemorrhagic    anemia, 

168 
Amblyopia   in    post-hemorrhagic    anemia, 

168 
Ammonia  in  urine  in  chlorosis,  454 
Anadenia  in  progressive  pernicious  anemia, 

286 
Ansmia  pseudoleukaemia  infantium,  pseu- 
doleukemia and,  differentiation,  625,  628 
Ancestor  corpuscles,  52 
Anedenia  cesium,  Nothnagel's  case,  245 
Anemia,  angiospastic  pseudo-,  191 
aplastic,  298 
progressive    pernicious   anemia    and, 
differentiation,  313 
Biermer's,  227.    See  abo  Anemia^  pnh 

gressive  pemieious, 
bothriocephalus,  234 
pathogenesis,  207,  234 
prognosis,  307 

progressive  pemidous  anemia  and,  234 
dassification,  152 
clinical  features,  151 
complex,  152 
consumptive,  152 
definition,  17 
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Anemia^  proirresHiTe  pernicious,  albumin- 
ems  (i<^<:oin  position  in,  264 

albuminuJ-in  in,  266 

anadenia  in,  286 

&nemiA  of  internal  organs  in,  281 

anlistreptococcHS  serum  in,  317 

apbaiic  tuienila  and,  differentiation, 
313 

appetit**  in,  270 

atsenic  in,  S2Q 

arteries  m^  284 

atrophy  of  gufttro-intestinal  wall  in, 

atrophy  of  stomach  in,  287 
a^uditoiy  ner^e  in,  280 
Biettner'g  dtM^iirse  on,  227 
Mood  in,  247 

albumin  in^  260 
anomalien,  '103 
csoegiil[ibiiity,261 
color,  248 
criMs^  253 
dry  substance,  260 
granukt-  d^piaits  in,  254 
punctate  depcisits  in,  254 
qnantity^  247 
Bpecilic  gmviiy,  260 
«tiiin€Ml,  254 

traiiiiftigion  of,  in  treatment,  318 
1>i'H„i-.,.niin  in,  260 
■.V  .MJ-vv^-M-U  in,  284 

TUL^raarniw  n[ila8ia  in,  298 
I lt- marrow  in,  294 
itiiirrow  triAtment  in,  317 
..p.Mi»>mnn-ovr  tumors  and,  differenti- 

ution,  Sl:^ 
'     '  M  vrn^t^p 1 1  a  ]  i iH  anemia  and,  234 
II  in,  274.  VM 

;h'hI  ia,  322 

I  nj*  Hiomach  and,  differen- 
tion^  3Lti 
Blion,  2:12 
ltn\  nurvoitfi  system  in,  273, 291 

li  fi3nrtii,.n8in,  274 
Mibi[iir>  :i[f|  ikratus  in,  268 
uti.'aEi'Hi-..  :;08 
Jiii^niN  >!iiii [dating,  314 

,  227 
nil  M  ill  fatty,  282 
in,  266 
809 
dal,314 


Anemia,  progreiisive  pernicious,  diazo  reac- 
tion in,  266 
diet  in  treatment,  323, 324 
dififereutial  diagnosis,  314 
digestive  tract  in,  270,  284 
dura  mater  in,  291 
duration,  300,  304 
ear  in,  post-mortem,  294 
edema  in,  263 

endocarditis  and,  differentiation,  314 
eosinophiles  in,  259 
etiology,  232 
eye  in,  278 

post  mortem,  293 
fatty  degeneration  in,  282 
feces  in,  272 

in  diagnosis,  314 
felix  mas  in,  316 
fever  in,  266 

Fowler's  arsenic  solution  in,  321 
from  atrophic  processes  in  intestine, 

242 
from  bone-marrow  changes,  244 
from  bothriocephalus  latus,  234 
from  carcinoma  of  stomach,  242 
from  gastro-intestinal  diseases,  242 
from  intestinal  disturbances,  242 
from  stomach  diseases,  242 
from  syphilis,  241 
from  tumors  of  gastro-intestinal  tract, 

242 
gastric  glands  in,  285 
gastric  juice  in,  271 
gastric  pains  in,  271 
gastro-intestinal  tract  in,  270,  284 
Gautier's  cacodylic  treatment,  322 
gigantoblastic  degeneration  in,  296 
gigantoblasts  in,  252 

in  diagnosis,  310 
gigantocytes  in,  250 
gray  matter  in,  292 
hearing  in,  280 
heart  in,  268,  282 
heart  valves  in,  283 
hematuria  in,  265 
hemoglobin  in,  248,  249 
hemolymph  nodes  in,  290 
hemorrhages  in,  263 

internal,  281 

into  spinal  cord  in,  292 
hemorrhagic  diathesis  in,  291 

hydrothorax  in,  315 
heredity  and,  233 
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^^^^^^^^1          Anemia^  prngrei^ive  pemjcioof!,   HuDto^a 

Anemia,   progressiYe   pemieioufi,   odor  of       ^H 

^^^^^^^^1                          tlieory,  245 

person  in,  263                                         ^H 

^^^^^^B                          treatment, 

olfactory  nerve  in,  280                        ^^^^t 

^^^^^^^B                      hTpenilbiiniinetiiia  rubra  in,  260 

organotherapy  in,  317                        ^^^^| 

^^^^^^^H                      hy})€rk*ukucytotil2t  m^  259 

origin,  2'i2                                             ^^^^| 

^^^^^H                      in  €hilc)b<Kx!, 

oxygen  inhaliitionB  In,  323                        ^^M 

^^^^^^^P                      ID  pFegnaney,  GuBserow'g  treatmenli 

paralysis  in,  tipinnl,  275                            ^^M 

^^^^^^ 

patbotogic  anatomy,  280                           ^H 

^^^^^^^^1                       incurable  nature^  306 

peripbeml  nerves  in,  276,  29S                  ^H 

^^^^^^^^B                       indiainuria  m,  2B7 

peritnneiim  in,  272                                      ^^M 

^^^^^^^1                      infeiCtiouM  origin^  245 

peBsary  fomiB  in,  250                                 ^^M 

^^^^^^^^1                       iotemal  {>rgan»  in,  281 

phosphorus  in,  323                                    ^H 

^^^^^^^B                      mtestiniiL  aclivity  ifi^  272 

pia  mater  in,  291                                       ^^| 

^^^^^H                      intesdnes  in,  2$5 

pleura  in,  284                                      ^^^^t 

^^^^^H                     iron  in,  323 

postmortem  Hymptomft,  281               ^^^^H 

^^^^^^^P                             intemiil  organs  in,  281 

pregnancy  with,  314                          ^^^^| 

^^^^^^^^1                                      in,  231 

pmgnoBia;,3CI0,306                              ^^^| 

^^^^^^^B                      karyokinetic  figures  in,  253 

pulse  in,  270                                        ^^^^| 

^^^^^H                      kidneys  in,  284 

quinin  in,  323                                            ^^^H 

^^^^^^H                      leukocytes  in,  256 

red  corpttHcles  in,  diameter,  310             ^^M 

^^^^^^^^K                           in  diiLgnoHiH,  312 

granuletf,  254                                       ^H 

^^^^^^^H                          niorphuhigic  changes,  259 

number,  248                                         ^H 

^^^^^H                          number,  256 

^^^^^H                     leukocytOAiA  in,  256 

tinn,  255                                          ^M 

^^^^^H                     liver 

punctate,  303                                      ^H 

^^^^^H                      lungH  in, 

sice,  250,  310                                       ^M 

^^^^^H                       lymph-glands, 

remiasionei,  301                                        ^H 

^^^^^^^^B  .                    lyn»pJioeytes  in,  258 

respiratory  appaialus  in,  270,  2S4    ^^^H 

^^^^^^^^H                       maonrx'Ttes  in,  250 

retina        278                                      ^^^H 

8iilo]  in,  317                                         ^^^^H 

^^^^^■^                             megalobliLstic  degeneration  in,  296 

sclerosiJ!  in,  spinal,  276                      ^^^^| 

^^^^^1                                megnlablii^itH  in,  252 

eenae  organa  in,  278                           ^^^^| 

^^^^^1                                    in  dia^n^lKf  310 

senfiitiTenew  of  tongue  in,  270          ^^^| 

^^^^1                               megalocyt^'s  in,  250 

aex  and,  232                                       ^^^^| 

^^^^^P                               meningitk  and,  differentiation,  315 

sexual  c^rgjius  in,  273                         ^^^^H 

^                                     menMtniiiticm  in,  273 

mderoKb  in,  281                                   ^^^^| 

^^m                                      meiientcric  glands  in,  290 

simple  anemia  and,  239                     ^^^^H 

^^M                                     roetttbolistn  in,  264 

skeleton  lef^icioti  in,  294                      ^^^^| 

^^M                                     microcyter^  in,  255,  257 

skin  in,                                                 ^^H 

^^m                                      muscles  in,  282 

smell  in,  280                                     ^^H 

^H                                      mjeloblastic  degeneration  in,  296 

speech  disturbances  in,  274               ^^^^B 

^^M                                       myeloid    leukemia  and,   differentia^ 

spinal  aiiectioni«  and,  diUerentiatioOf       ^H 

^^^H                         lion,  nm 

^ 

^^^^P                              myoeflnliiim  degeneration  in,  283 

spinal  cord  in,  275,  292                            ^H 

^^f                                   nature  of  disease,  324 

spinal  lesionB  in,  clinical  sTinptoma      ^H 

^^M                                    nephritiii  with,  308 

and,  276                                                 ■ 

^^B                                       nervotiH  >^ystern  in,  273,  291 

spleen  in,  273,  291                                         ^H 

^^■_                                       neiitrnphile^  in,,  pdyntielear,  259 

Btomaeh  in,  285                                           ^^M 

^H                                      nitrt^gen  excretion  in,  264 

atrophy,  287                                            ^H 

^H                                      nannobbsti;  in,  252 

carcinoma  of,  difl'erentiation,  S15^^^^| 

^H                                          in  diagnosLs,  312 

symptoms,  228,  247                             ^^^^H 

^^M                                     nulrkive  eonditton  in,  264 

initial,  300                                      ^^^H 

^H                                     occurrence,  232 

postmortem,  280                            ^^^^^ 
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Anemia,  progressiye  pernicious,  symptoms, 

spinal  lesions  and,  276 

subjectiTe,  262 

tabetic,  275 
taste  in,  280 
temperature  in,  266 
termination,  300,  304 
transfusion  of  blood  in  treatment, 

318 
treatment,  315 

antistreptococcus  serum  in,  317 

arsenic  in,  320 

Bam' 317 

bone-marrow  in,  317 

by  blood-transfusion,  318 

cacodylic  acid  in,  322 

causal,  315 

climatic,  323 

dietetic,  323,  324 

felix  mas  in,  316 

Fowler's  arsenic  solution  in,  821 

Gautier^s  cacodjlic,  322 

Gusserow's,  318 

iron  in,  323 

massage,  324 

oxjgen  inhalations  in,  323 

phosphorus  in,  323 

quinin  in,  323 

remedial,  320 

rouleaux  formation  in,  256 

salol  in,  317 
true,  237 

tuberculosis  with,  308 
tumors  of  bone-marrow  and,  differ- 
entiation, 313 
tjphoid   fever  and,  difierentiation, 

315 
tyrosin  in,  266 
uric  acid  in,  266 
urine  in,  265,  287 
urobin  in,  265 
yeins  in,  284 
vomiting  in,  271 
weakness  in,  262 
white  matter  in,  292 
pseudopemicious,  pseudoleukemia  and, 
difTerentiation,  628 
quantity  of  blood  in,  18 
red  corpuscles  in,  48 

estimation,  fallacies,  25 
simple,  154 
chlorosis  and,  differentiation,  473 
chronic,  185 


Anemia,  simple  chronic,  absorption  in,  224 
albumin  in  blood  in,  213 
anemic  degeneration  in,  219 
appetite  in,  223 
arsenic  in,  226 
as  sequela,  194 
as  symptom,  194 
blood  in,  209 

albumin  in,  213 

alkalinity,  215 

amount,  209 

coagulability,  215 

color,  210 

dried  substance,  212 

freezing-point,  215 

globulin  in,  213 

iron  in,  214 

specific  gravity,  212 

staining  power,  210 
blood-platelets  in,  221 
blood-serum  in,  separation,  215 
bone-marrow  in,  225 
climatic  treatment,  226 
degeneration  of  red  cells  in,  219 
diagnosis,  225 
diet  in,  226 

digestive  organs  in,  228 
disease-picture,  222 
edema  in,  222 
eosinophiles  in,  220 
eosinophilia  in,  220 
freezing-point  of  blood  in,  215 
from  albuminuria,  197 
from  alcohol,  208 
from  ankylostoma  duodenale,  205 
from  arsenic,  208 
from  ascaris  lumbricoides,  204 
from  auto-intoxication,  200 
from  digestive  diseases,  199 
from  distoma  hnmatobium,  205 
from  echinococcus,  205 
from  fever,  197 

from  filaria  sanguinis  hominis,  205 
from  gastro-intestinal  diseases,  199 
from  helminthiasis,  203 
from  inanition,  187 
from  lactorrhea,  196 
from  lead-poiBoning,  208 
from  malaria,  201 
from  oxyuris  vermicularis,  204 
from  phosphorus,  208 
from  repeated  hemorrhages,  187 
from  spermatorrhea,  196 
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Anemia,  simple,  chronici  from  Byphilis,  201 
from  tenia  saginatse,  207 
from  tobacco,  208 
from  toxins,  ^08 

of  tumors,  203 
from  tumors,  202 
from  unhygienic  conditions,  188 
from  worms,  203 
gastro-intestinal  diseases  in,  223 
globulin  in  blood  in,  213 
hemoglobin  decrease  in,  210,  218 
hemorrhages  in,  222 
hydrochloric  acid  decrease  in,  224 
hydrotherapy  in,  226 
impure  air  as  cause,  194 
in  suppuration,  195 
insufficient    nourishment  as   cause, 

189 
intestines  in,  224 

motor  functions,  224 
iron  decreajae  and,  192 
iron  in  treatment,  226 
iron  percentage  in,  214 
irritable  weakness  in,  222 
leukocytes  in,  220 
light  as  cause,  193 
metabolism  in,  223 
muscular  weakness  in,  222 
oligochromemia  in,  219 
origin,  187 
pessary  forms  in,  219 
poikilocytosis  in,  219 
polychromatophilic  degeneration  in, 

219 
red  corpuRcles  in,  counting,  211 
degeneration,  219 
morphologic  changes,  218 
shape,  219 
size,  219 
skin  in,  222 
stomach  in,  224 
symptoms,  209,  221 
temj)eratiire  elevation  and,  198 
toxins  and,  198 
treatment,  225 

climatic,  220 

dietetic,  220 

medical,  226 

water  in,  226 
tiil)erciilin  and,  198 
progressive  pernicious  anemia  and,  239 
secondary,  237 
small  red  cells  in,  50 


Anemia,  splenic,  leukopenia  in,  138 
vascular,  210,  225 

Angioparesis  in  chlorosis,  396 

Angiospasm  in  chlorosis,  396 

Ankylostoma    duodenale,    simple    chroDic 
anemia  from,  205 

Ankylostomiasis,  eosinophilia  in,  1 14 

Ankylostomum   duodenale,  chlorooB  and, 
diagnosis,  472 
eosinophilia  in,  113 

Antiserum  in  estimating  quantity  of  bloody 
19 

Antistreptococcus  serum  in  progreaaiTe  per- 
nicious anemia,  317 

Aorta  in  chlorosis,  386 

Aplasia,  bone-marrow,  in  progreasiye  per- 
nicious anemia,  298 

Aphonia  in  chlorosis,  hysteric,  404 

Arsenic  in  chlorosis,  498 
in  chronic  leukemia,  615 
in  progressive  pernicious  anemia,  320 
in  pseudoleukemia,  637 
in  simple  chronic  anemia,  226 
simple  chronic  anemia  from,  208 

Arteries  in  chlorosis,  396 
in  progressive  pernicious  anraua,  284 

Ascaris  lunibricoides,  chlorosis  and,  diagno- 
sis, 472 
simple  chronic  anemia  from,  204 

Ascites  in  myeloid  leukemia,  661 

Asthma,  bronchial,  eosinophilia  in,  113 

Atony  of  stomach  in  chlorosis,  414 

Atrophy  of  gastro-intestinal  wall  in  pro- 
gressive pernicious  anemia,  286 
of  intestine,  progressive  pernicious  ane- 
mia from,  242 
of   stomach    in    progressive    pernicious 
anemia,  287 

Auditory  nerve  in   progressive   pernicious 
anemia,  280 

Auto-intoxication,  chlorosis  from,  200 
simple  chronic  anemia  from,  200 

Autotransfusion   in  post-hemorrhagic  ane- 
mia, 175 

Barbs'  bone-marrow  preparation,  317 
Basedow's  disease  with  chlorosis,  464 
Basic  staining,  43 

stains  for  blood,  41 
Basophilic  granulations  of  red  corpuscles,  69 
Baths  in  prophylaxis  of  chlorosis,  481 

in  treatment  of  chlorosis,  carbonic  acid, 
490,  495,  496,  497,  520 


INDEX. 


689 


Baths  in  treatment  of  chloroeisi  chalybeate, 
490, 495,  496,  497,  520 
cold,  519 
mineral,  520 
sweat,  522 
warm,  520 
Benario's  fixative  for  dried  specimens,  S9 
fience-Jones  body  in  urine  in  chronic  leu- 
kemia, 593 
Benda*R  Ijmphogonies  in  leukemia,  557, 
564 
myelogonies  in  leukemia,  557 
Beneke's  theory  of  chlorosis,  352 
Berberinum  for  appetite  in  chronic  leu- 
kemia, 616      • 
Bierfreund's   table  of   blood-regeneration, 

171 
Bicrmer's  anemia,  227.    See  also  Anemia^ 

progressive  pernicious. 
BioblaHtic  theory,  101 
Blackness  of  vision  in  chlorosis,  434 
Bleibtren's  determination  of  relative  vol- 
umes of  plasma  and  red  cells,  32 
Blik-IIeiden  hematocrit,  32 
Blood  after  extirpation  of  spleen,  73 
after  splenectomy,  73 
alkali  in,  demonstration,  46 
alkalinity,  33 

Dare's  method,  217 
demonstration,  46 
in  simple  chronic  anemia,  215 
Lowy's  method  for,  215 
titration  method,  215 
anemic,  in  diagnosis  of  chlorosis,  470 
antiserum  in  estimating  quantity,  19 
bone-marrow  in  formation,  85 
carbon  monoxid  absorption  in  estimating 

quantity,  19 
coagulation,  33 

failure  of  serum  to  separate,  33 
in  progressive  pernicious  anemia,  261 
in  simple  chronic  anemia,  215 
coeflScient  of  extinction,  369 
corpuscles.     See  Red  corp^tscles  and  Leur 

koeytes. 
crisis,  56,  161,  375 

in  progressive  pernicious  anemia,  253 
Deetjen's  examination,  141 
destruction,  151 
increased,  152 
dried  specimen,  alcohol   and    ether  as 
fixative,  38 
alcohol  as  fixative,  38 
44 


Blood,  dried  specimen,  Benario's  fixative,  39 
chemic  agents  as  fixatives,  38 
cover-glasses  for,  37 
dry  heat  as  fixative,  38 
ether  and  alcohol  as  fixative,  88 
fixation,  38 
formol  as  fixative,  39 
Mayer's  apparatus  for  fixing,  88 
Nikiforoflf's  fixative,  38 
preparation,  37 
staining,  39.    See  also  Staining  dried 

specimen. 
technic  of  study,  36 
substance  of,  estimation,  31 
effects  on,  from  withdrawal  of  noorish- 

ment,  189 
examination,  17,  35 
flow  of,  in  estimating  quantity,  18 
formation,  47 

glycogen  in,  demonstration,  45 
granules,  95.    See  also  OeUrgramules, 
Haldane  and  Smith's  estimation,  19 
histology,  17,  47 
in  acute  leukemia,  91 
in  anemia,  color,  26 
in  chloroma,  577 
in  chlorosis,  367 
albumin  in,  382 
alkalinity,  384 
chemistiy,  378 
chlorin  in,  382 
dry  substance  in,  378 
examination,  447 
fibrin  in,  382 
globulin  in,  382 
iron  in,  382 

phosphoric  acid  in,  382 
physics,  378 
potanh  in,  382 
sodium  chlorid  in,  382 
specific  gravity,  378 
in  lead-poisoning,  59,  60 
in  leukemia,  acute,  540,  572 

chronic,  587 
in  lymphatic  leukemia,  93,  94 
in  myeloid  leukemia,  649 

Charcot-Leyden  crystals  in,  654, 663 

coagulation,  653 

color,  652 

post  mortem,  663 

quantity,  652 

specific  gravity,  653 

aric  acid  in,  654 
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Blood  in  myeloid  leukemia,  zanthin  in, 
654 
in  po8t-hemorrhagic  anemia,  157 
in  progressive  pernicious  anemia,  247 
albumin  in,  260 
anomalies  in,  303 
coagulability,  261 
color,  248 

dry  substance  in,  260 
quantity,  247 
specific  gravity,  260 
stained,  254 
in  pseudoleukemia,  617,  619 
in  simple  chronic  anemia,  209 
albumin  in,  213 
alkalinity,  215 
amount,  209 
coagulability,  215 
color,  210 

dried  substance  in,  212 
freezing-point,  215 
globulin  in,  213 
iron  in,  214 

separation  of  serum,  215 
specific  gravity,  212 
staining,  210 
in  tumors  of  bone-marrow,  91 
loss  of,  fatal  amount,  156 
losses  in  chlorosis,  448 
morphology,  35 

myelemic  constituents  of,  origin,  135 
new  formation,  152 

rapidity,  171 
of  guinea-pig,  histology,  73 
quantity,  18 

antiserum  in  estimating,  19 
carbon  monoxid  absorption  and,  19 
flow  of,  in  estimating,  18 
Haldane  and  Smith's  estimation,  19 
mucous  membranes  as  indicators,  18 
Quincke's  estimation,  19 
skin  appearance  as  indicator,  18 
Smith  and  Haldane's  estimation,  19 
TarchanoflTs  estimation,  18,  19 
Quincke's  estimation,  19 
red  corpuscles  in,  20.     See  also  Red  cor- 

pusrles. 
resisting  power,  151 
bodies  in,  ring,  61 
Smith  and  Haldane's  estimation,  19 
specific  gravity  of,  29.    See  also  Specific 

gravity  of  blood. 
stains.    See  Staina, 


Blood,  study  of  condition  of  blood-makii 

organs  and,  299 
TarchanoflT's  estimation,  18 
transfusion,  175 

in  treatment  of  progressive  pemicio 
anemia,  318 
withdrawal  of,  in  treatment  of  chloroa 

501 
Blood-dust,  142 
Blood-making  oi^gans,  condition  of,  stuc 

of  blood  and,  299 
Blood-platelets,  139 
clotting  and,  relations,  142 
counting,  139 
in  chlorosis,  378  • 

in  myeloid  leukemia,  652 
in  simple  chronic  anemia,  221 
origin,  141 

physiologic  function,  142 
significance,  140 
staining,  140 
Blood-serum  in  chlorosis,  albuminous  8u 

stances  in,  381 
in  chlorosis,  concentration,  381 

isotonic  value,  382 
in  myeloid  leukemia,  654 
in  progressive  pernicious  anemia,  260 
separation  of,  in  simple  chronic  anemi 

215 
Blood-vessels  in  progressive  pernicious  an 

mia,  284 
Bone-marrow  aplasia  in  progressive    pe 

nicious  anemia,  298 
as  source  of  leukocytes,  85,  606 

of  lymphocytes,  606 

of  polynuclear  neutrophiles,  86 

of  red  corpuscles,  85 
changes  in,  progressive  pernicious  an 

mia  from,  244 
extract  in  chronic  leukemia,  616 
functions,  90 
giant  cells  in,  87 
gigantoblasts  in,  92 

staining,  87 
in  acute  leukemia,  562,  567 
in  chloroma,  578 
in  chronic  leukemia,  586,  597 

microscopic  appearance,  603 
in  myeloid  leukemia,  664,  669 
in  post-hemorrhagic  anemia,  157,  163 
in  progressive  pernicious  anemia,  294 
in  pseudoleukemia,  619,  623 
in  simple  chronic  anemia,  225 
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Bone-niarrow   in    treatment    of    chlorosis, 
503 
of  progressive  pernicious  anemia,  317 
leukocytosiii  and,  89,  111 
lymphadenoid  transformaXion,  599 
lymphocytosis  and,  93,  94 
lymphoid,  in  leukemia,  568 
malignant  tumors,  91 
megaloblastic  degeneration,  57 
megaloblasts  in,  92 
metastatic  carcinoma  of  blood  in,  91 
non-granular  cells  in,  86 
replacement  of,  with  lymphatic  tissue,  91 

with  other  tissue,  93 
specific  granular  cells  in,  86 
tumors  of,  myeloid  leukemia  and,  difier- 
entiation,  668 
progressive  pernicious  anemia  and,  dif- 
ferentiation, 313 
Bothriocephalus    anemia,    234.     See  also 
Aivemiay  bothriocephalua, 
latus,  anemia  from,  236 
chlorosis  and,  diagnosis,  472 
toxic  effects,  236 
Bouchard's  method  for  toxicity  of  urine, 
459 
theory  of  chloi*osis,  353 
Brain  hemorrhage  in  leukemia,  553 
in  progressive   pernicious  anemia,  274, 
291 
Breakfast  for  chlorotics,  510 
Breasts  in  chlorovsis,  development,  426 
Brodie    and    KiLssell's   fluid   for  counting 

blood-platelets,  140 
Bronchial  asthma,  eosinophilia  in,  113 
Bruit  de  diable  in  chlorosis,  399 
Biinge's  theory  of  chlorosis,  353 

Cacx)Dylic  acid  in  progressive  pernicious 

anemia,  322 
Calcium  chlorid  in  hemorrhage,  174 
Camphor,  eosinophilia  from,  117 
Cancer,  gi-een,  576.     See  also  Chloroma, 

vert  d'Aran,  576.     See  also  Chloroma, 
Capillaries  in  chlorosis,  396 
Capillary  pycnoraetric  method  for  blood, 

Schmaltz's,  29 
Capps'  method  to  determine  bulk  of  red 

corpuscles,  310 
Carbolic  acid  in  chronic  leukemia,  616 
Carbon  dioxid  production  in  chlorosis,  443 

monoxid  absorption,  estimation  of  blood 
and,  19 


Carbonic  acid  baths  in  chlorosis,  490,  495, 
496,  497,  520 

in  chalybeate  waters,  490,  495,  496, 

497,  520 
ga^  production  of,  in  chlorosis,  443 
Carcinoma  of  bone-marrow,  metastatic,  91 
of  stomach,  progressive  pernicious  ane- 
mia and,  differentiation,  315 
progressivepemiciousanemiadueto,242 
Cardiac  dulness  in  chlorosis,  391 

murmurs  in  chlorosis,  391 
Cardialgia  in  chlorosis,  407 
Camiferrin    in    postrhemorrliagic  anemia, 

183, 184 
Cell  function,  granules  as  carriers,  101 
Cell-granules,  95 

Altmann's  freezing  method  for,  97,  98 
as  carriers  of  cell  function,  101 
combination  staining  for,  99 
description,  95 
differentiation  by  chemic  properties,  104 

of  varieties,  97 
Ehrlich's  method  for,  98 
form,  102 

freezing  method  for,  Altmann's,  98 
habitat,  103 

Koch's  examination  for,  97 
metabolic  origin,  100, 101 
neutral  red  stain  for,  98 
nutritive  function,  103 
of  different  species  of  animals,  102 
of  liver,  100 
of  mast-cells,  104,  105 
round,  100 
secretory  nature,  104 
separation  by  chemic  affinities,  97 

of  varieties,  103 
significance,  95 
size,  102 
specific,  97 

staining,  chemic  identity  and,  103 
combination,  99 
survival,  99 
vital,  98 
survival  staining,  99 
triacid  solution  for  staining,  97 
vital  staining,  98 
Central  nervous  system  in  chlorosis,  438 
in  chronic  leukemia,  592 
in  myeloid  leukemia,  662,  666 
in  post-hemorrhagic  anemia,  167 
in    progressive    pernicious   anemia, 
273,291 
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Cerebral  diseases,  chlorosis  and,  differenti- 
ation, 475 

nerves,  paralysis  of,  in  leukemia,  553 
Chalybeate  waters,  carbonic  acid  in,  490, 

495,  496,  497,  520 

in  treatment  of  chlorosis,  490,  496,  496, 
497,  520 
Charcot-Leyden  crystals  in  blood  in  mye- 
loid leukemia,  654,  663 
in  bone-maiTow  in  myeloid  leukemia, 
664 
Charrin's  theory  of  chlorosis,  355 
.  Chemic  staining,  40 
Chematoctic  theory  of   eosinophilia,  118, 

123 
Chemotazis,  107 

cells  elaborating  substance,  124 

negative,  107 

positive,  107 
Chenzinak/s  fluid,  44 
Chilblains  of  feet  in  chlorosis,  438 
Childbirth,  progressive  pernicious  anemia 

after,  238 
Chlorid  of  calcium  in  hemorrhage,  174 

of  sodium  in  hemorrhage,  173 
Chlorin  in  blood  in  chlorosis,  382 
Chloro-anemie  tuberculeuse,  406 
Chloro-Brightism,  462,  476 
Chlorolymphoma,  576.    See  also  (Moroma. 
Chloroma,  576 

age  and,  576 

blood  in,  577 

bone-marrow  in,  578 

diagnosis,  580 

etiology,  576 

exophthalmos  in,  577 

eye  in,  577 

green  color  of  tumors  in,  578 

hemoiThage  in,  retinal,  577 

histoloffv,  579 

kidneys  in,  579 

lymph  plands,  579 

lyrnphaiic  organs  in,  579 

orbital  swelling,  577 

patholojjiroanatomic  changes,  578 

Peyer's  j)atchcs  in,  579 

proprnosis,  5S0 

siilivaiy  plands  in,  579 

sex  and,  570 

spleen  in,  579 

staininp  in,  580 

symptoms,  576 

temporal  swelling  in,  577 


Chloroma,  treatment,  580 

Chlorose  taniive,  343 

Chlorosis,  abdominal  changes  in,  364 

organs  in,  position,  410 
absorption  of  food  in,  422 
achlorhydria  in,  417 
acne  in,  simplex,  437 

treatment,  626 
age  and,  342,  470 
albumin  in  blood  in,  382 

in  urine  in,  457 

metabolism,  444 

supply  in  prophylaxis,  480 
albuminuria  in,  457 
alcohol  in  treatment,  508 
ammonia  in  urine  in,  454 
anemia  and,  simple,  differentiation,  473 

from  hemorrhage  and,  differentiation, 
474 

of  skin  in,  436 

rapid  improvement,  diagnosis  and,  471 
angioparesLs  in,  396 
angiospasm  in,  396 
anchylostomum  duodenale  and,  diagnosis^ 

472 
aorta  in,  386 
aphonia  in,  hysteric,  404 
appetite  in,  359 
arsenic  in  treatment,  498 
arteries  in,  396 

ascaris  lumbricoi'des  and,  diagnosis,  472 
atony  in,  gastric,  414 
Basedow's  disease  with,  464 
baths  in  prophylaxis,  481 

in  treatment,  carbonic  acid,  490,  495, 
490,  497,  520 
chalybeate,  490,  495,  496,  497,  520 
cold,  519 

mineral,  490,  495,  496,  497,  520 
sweat,  522 
warm,  520 
Beneke's  theory,  352 
bill  of  fare  in  ti-eatment,  510 
blackness  of  vision  in,  434 
blood  in,  367 

albumin  in,  382 

alkalinity,  384 

chemistry,  378 

chlorin  in,  382 

diagnosis  and,  470 

dry  substance,  ^78 

examination,  447 

fibrin  in,  382 
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Chlorosis,  blood  in,  globulin  in,  382 

iron  in,  382 

losBefl,448 
•  mineral  substances  in,  382 

phosphoric  acid  in,  382 

physics,  378 

potash  in,  382 

sodium  chlorid  in,  382 

specific  gravity,  378 

withdrawal  of,  in  treatment,  501 
blood-platelets  in,  378 
blood-serum  in,  albuminous  substances  in, 
381 

concentration,  381 

isotonic  value,  382 
body-weight  in,  441,  445 
bone-marrow  in  tivutnient,  503 
bothriocephalus  lutus  and,  diagnosis,  472 
Bouchard's  theory,  353 
breakfaht  in,  510 
breast  development  in,  426 
bruit  du  diable  in,  399 
Bunge's  theory,  351^ 
capillaries  in,  396 

carbonic  acid   baths  in,  490,  495,  496, 
497,  520 
gas  production  in,  443 
cardiac  duhiess  in,  391 

murmurs  in,  391 
cardialgia  in,  407 
central  nervous  system  in,  438 
cerebral  diseaso>  and,  diflerentiation,  475 
chalybeate  waters  in,  490,  495,  496,  497, 

520 
characteristics,  339 
Charrin's  theoiy,  355 
chilblains  of  feet  in,  438 
chlorin  in  blood  in,  382 
chorea  minor  in,  441 
chromogen  excretion  in,  449 
chronic,  467 
Clark's  thoory,  353 
Clement's  theory,  354 
clothing  in  etiology,  351 
coefficient  of  extinction  of  blood  in,  369 
cold  feet  in,  302 

hands  in,  362 

rubbings  in,  519 
colicky  pain  in,  407 
combustion  in,  443 
complications,  461 

accidental,  461 

prognosis,  469 


Chlorosis,  coigugate  sulphates  in  urine  in, 

421 
constipation  in,  360,  419 

diet,  516 

in  prophylaxis,  483 

treatment,  516 
corset  in  etiology,  351,  410 

in  prophylaxis,  483 
costalgia  in,  408 
course,  365,  446 
Couturier^s  theory,  353 
craving  for  acids  in,  408 
creatinin  in  urine  in,  455 
defecation  in,  419 
definition,  339 
determining  causes,  348 
diagnosis,  470 

age  and,  470 

anemia  from  hemorrhage  and,  474 
simple,  473 

anemic  blood  in,  470 

anchylostomum  duodenale  and,  472 

ascaris  lumbricoidcs  and,  472 

bothriocephalus  latus  and,  472 

cerebral  diseases  and,  475 

condition  of  patient  and,  471 

female  sex  and,  470 

genital  development  and,  471 

hyperplasia  of  vascular  system  and, 
'476 

improvement  from  iron  and,  471 
of  anemia  and,  471 

intestinal  parasites  and,  472 

kidney  diseases  and,  475 

negative  features,  472 

nephritis  and,  475 

positive  features,  470 

pregnancy  in  unmarried  girls  and,  475 

sexual  development  and,  471 

taenia  mediocanellata  and,  472 
solium  and,  472 

tubeivulosis  and,  472 
diastolic  murmurs  in,  395 
diet  in  prophylaxis,  479 

in   treatment,  504.     »See  also  Diet   in 
treatment  of  chhrfmH. 
digestive  organs  in,  359,  406 
dilation  of  stomach  in,  414 
dinner  in,  511 
dizziness  in,  treatment,  526 
doigt  mort  in,  363 
douches  in  treatment,  519 
Duclos'  theory,  353 
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Chlorosis,  Dunin*s  theory,  354 
dyspepsia  in,  nervous,  406,  408 
ear  in,  433 

eating  in,  pain  after,  407 
eczema  in,  437 
edema  in,  402 

of  lids  in,  435 
emaciation  with,  diet  in,  513 
epigastric  tenderness  in,  406 
etiology,  342 

eurythrol  in  treatment,  503 
exercise  and,  injudicious,  360 

in  prophylaxis,  481 

in  treatment,  517 
exudation  in,  437 
eye  in,  434 

fainting  in,  treatment,  526 
fats  in  prophylaxis,  479 

secretion,  437 
feces  in,  364 

color,  423 
fever  in,  460 
fibrin  in  blood  in,  382 
Forchheimer^s  theory,  353 
fresh  air  in  prophylaxis,  481 
from  auto-intoxication,  200 
fruits  in  prophylaxis,  480 
gastric  ulcer  with,  462 

prognosis,  469 
gastrokateixia  in,  411 
gasti-opic  crises  in,  413 
gastroptosis  and,  354,  411 
genital  development  and,  471 
genitalia  in,  425 
globulin  in  blood  in,  382 
glycosuria  in,  459 
Gniwitz's  theory,  354,  355 
hair  in,  438 
headache  in,  362 

treatment,  524 
hearing  in,  433 
heart  in,  388 

dulness,  391 

murnmrs,  391 

palj)itation,  3S8 

x-rays  in  examination,  395 
hcmatopoiesis  in,  stimulation,  484 
hematoporphyrin  excretion  in,  449 
hemoglobin  in,  367 

metabolism,  447 
heredity  and,  344 
high  altitudes  in  treatment,  500 
home  conditions  and,  349 


Chlorosis,  home^ckness  in  etiology,  350 
hydrobilirubin  excretion  in,  449 
hydrochloric  acid  in  treatment,  417 

secretion  in,  417 
hydrotherapy  in,  519 
hyperchlorhydria  in,  417 
hyperemia  of  skin  in,  437 
hypoplasia  of  vascular  system  and,  differ- 
entiation, 476 

in  symptomatology,  386 
hysteria  in,  439 
Immermann's  theory,  352 
in  males,  339,  340,  342 
injudicious  exercise  and,  350 
intestinal  origin,  200 

parasites  and,  diagnosis,  472 
intestines  in,  decomposition  in,  419 
iron  in  blood  in,  382 

in  prophylaxis,  484 

in   treatment,  484.     See  also   Iron   in 
treatment  of  chlorosis, 

metabolism,  447,  450 
kidney  diseases  and,  differentiation,  475 
leukocytes  in,  376 
leukocytosis  in,  376 

digestion  and,  377 
leukorrhea  in,  431 
Levy's  theory,  356 
love-sickness  in  etiology,  351 
luncheons  in,  511 
lungs  in,  363 
marriage  and,  523 
masturbation  and,  351 
meat  in  treatment,  506 
Meinert's  theory,  354 
melancholia  in,  439 
menorrhagic  form,  347 
menstruation  in,  358,  427 

amount  of  flow,  431 

frequency,  428 

urine  elimination  and,  456 
mental  j>ower  in,  361 

work  in  prophylaxis,  482 
metabolism  in,  422,  441 

of  albumins  in,  444 

of  hemoglobin  in,  447 

of  iron  in,  447,  450 
milk  in,  446 

in  treatment,  507 
mind  in,  influence  in  prophylaxis,  482 
mitral  insufficiency  in,  393 
Murri's  theory,  354 
myelocytes  in,  378 


INDEX. 


6»5 


('hloi'Dsis,  nails  in,  4J^ 

nephritis  and,  diiTcrentiution,  475 
nervous  dyspepsia  in,  406,  408 

system  in,  438 
neuralgia  in,  440 

treatment,  525 

trigeminal,  435 
neuroretinitb  in,  435 
normoblasts  in,  375,  448 
Nothnagel's  theory,  353 
nutrition  in,  364,  441,  445 

in  etiology,  348 

in  prophylaxis,  479 
obesity  with,  diet  in,  513 
of  individual  corpuscle,  371 
of  red  corpuscles,  363 
oligochromeraia  in,  369 
oligocythemia  in,  369 
optic  neuritis  in,  435 
organic  extracts  in  treatment,  503 
ovarian  extract  in  treatment,  503 
ovaries  in,  development,  425,  426 
oTarin  in  treatment,  503 
oxygen  absorption  in,  443 
pain  in,  after  eating,  407 

colicky,  407 

gastric,  406-408 
palpitation  of  heart  in,  388 
pathogenesis,  342 
pelvic  development  in,  426 
phosphates  in  urine  in,  456 
phosphoric  acid  in  blood  in,  382 
pigmented  hypertrophies  of  skin  in,  438 
poikilocytes  in,  374 
potash  in  blood  in,  382 
predisposing  causes,  342,  344 
pregnancy  in  unmarried  girls  and,  differ- 
entiation, 495 
prognosis,  466 
prophylaxis,  478 
psychic  condition  in,  361 
psychoses  in,  361,  439 
pulmonary  tuberculosis  in,  406 
pulse  in,  363,  389,  397 
purpura  rheumatica  in,  438 
recurrences  in,  iron  for,  494 
red  corpuscles  in,  367 

morphologic  changes,  374 
nucleated,  375 
size,  374 
value,  369 
respiration  in,  frequency,  403 
respiratory  interchange  of  gases  in,  443 


Chlorosis,  respiratory  organs  in,  403 
rest  in  treatment,  518 
rubra,  437 
scleritis  in,  435 
seborrhea  in,  437 
sex  and,  339,  340,  342,  470 
sexual  changes  in,  364,  425 

development  and,  471 

influences  in  etiology,  361 

life  in  treatment,  523 

organs  in,  364,  425 
development,  420 
signs  of  degeneration  in,  426 

in  etiology,  346 
simple,  466 

anemias  and,  differentiation,  473 
skin  in,  363,  436 

anemia,  436 

eruptions  of,  treatment,  626 

hyperemia  in,  437 
sodium  chlorid  in  blood  in,  382 
special  sense  organs  in,  433 
sphygmomanometry  in,  398 
spleen  in,  423 

splenic  extract  in  treatment,  503 
spring,  466 

Stockman^s  theory,  354 
stomach  atony  in,  414 

dilatation  in,  414 

disturbances  with,  diet,  514 

motor  functions  in,  416 

pain  in,  406 

position  in,  410 
succession  splash  in,  416 
sugar  in  urine  in,  459 
sulphates  in  urine  in,  conjugate,  421 
summer,  466 
supper  in,  511 
sweat  secretion  in,  437 
symptoms,  3.')7 

objective,  363 

prodromal,  357 

subjective,  357 
systolic  murmurs  in,  391 
tachypnea  in,  hysteric,  404 
tenia  mediocanellata  and,  diagnosis,  472 

solium  and,  diagnosis,  472 
temperature  of  body  in,  460 
tenderness  below  xiphoid  cartilage  in, 

406 
theories,  352 
thromboses  in,  400 
thrombosis  with,  prognosis,  469 
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Chlorosis,  treatment,  478,  484 

alcohol  in,  508 

arsenic  in,  498 

baths  in,  cold,  519 

mineml,  490,  495,  496,  497,  520 
sweat,  522 
warm,  520 

bill  of  fare  in,  510 

blood  withdrawal  in,  501 

bone-marrow  in,  503 

bj  stimulating  hematopoiesis,  484 

cold  rubbings  in,  519 

diaphoretic,  522 

dietetic,  504.   See  also  Diei  in  trtaJtmmi 
of  ehlorosiff. 

douches  in,  519 

eurythrol  in,  503 

exercise  in,  517 

high  altitudes  in,  500 

hydrochloric  acid  in,  417 

hygienic,  504 

iron  in,  484.    See  also  Iron  in  treatment 
of  chlorosis. 

meat  in,  506 

milk  in,  446, 507 

of  dizziness  in,  526 

of  fainting  in,  526 

of  headache  in,  524 

of  neuralgia  in,  525 

of  skin  eruptions  in,  526 

of  unconsciousness  in,  526 

organic  extracts  in,  503 

ovarian  extract  in,  503 

ovarin  in,  503 

rest  in,  518 

sexual  life  in,  523 

splenic  extract  in,  503 

symptomatic,  524 

vegetables  in,  509 

venesection  in,  501 
trigeminal  neuralgia  in,  435 
tuberculosis  and,  differentiation,  472 
tuberculosis  in,  pulmonary,  405 
unconsciousness  in,  treatment,  626 
urea  elimination  in,  454 
uric  acid  elimination  in,  454 
urinary  excretion  in,  364 
urine  in,  364,  441,  453 

albumin  in,  457 

ammonia  in,  454 

amount,  455 

conjugate  sulphates  in,  421 

constituents  of  ash,  456 


Chlorosis,  urine  in,  creatinin  in,  455 
mineral  substances  in,  456 
phosphates  in,  456 
sugar  in,  459 
toxicity,  459 
urea  in,  454 
uric  acid  in,  454 
urobilin  in,  449 
urobilin  excretion  in,  449 
urobilinogen  excretion  in,  449 
urticaria  in,  437 
uterus  development  in,  425,  426 
vascular  system  in,  386 

hypoplasia,  386 
vegetables  in  prophylaxis,  480 

in  treatment,  509 
veins  in,  396,  399 
venesection  in  treatment,  501 
venous  hum  in,  399 
murmurs  in,  399 
Virchow's  theory,  352 
von  Hosslin's  theory,  354 
von  Noorden's  theory,  355 
water  in  tissues  with,  diet  in,  513 
whites  in,  431 
winter,  466 

z-rays  in  heart  examination  in,  395 
Zander^s  theory,  353 
Chlorotic  blood-corpuscles,  372 
Chorea  minor  in  chlorosis,  441 
Chromogen  excretion  in  chlorosis,  449 
Circulation  in  myeloid  leukemia,  6(>0 

in  post-hemorrhagio  anemia,  166 
Circulatory  apparatus  in  progressive  jiemi- 

cious  anemia.  268 
Clark's  theory  of  chlorosis,  353 
Clement's  theory  of  chlorosis,  354 
Climatic  influences  on  number  of  red  cells, 

22 
Clotting,  blood-platelets  and,  relations,  142 
Coagulation  of  blo(Kl,  33 

failure  of  serum  to  separate,  33 
in  post-hemorrhagir  anemia,  163 
in  progressive  i)emioious  anemia,  261 
in  simple  chix)nic  anemia,  215 
Coagulometer,  Wright's,  33 
Coefficient  of  extinction  of  blood,  369 
Color  of  anemic  blood,  26 
Colorimeter,  Hoppe^yler's,  27 

Zangemeister^s,  27 
Combined  staining,  39 
Constipation  in  chlorosis,  360,  419 
diet  in,  516 
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'Constipation  in  chlorosis,  treatment,  516 

in  prophylaxis  of  chlorosis,  483 
0)rpiiscles,  ancestor,  52 

of  serum,  specific  gravity,  31 

red.    See  Red  corpusdes. 

shadow,  47 

white.    See  Leukocytes. 
-Corset,  chlorosis  and,  351,  410,  483 

gastrokatcixia  from,  411 

gastroptosis  from,  411 
Cofitalgia  in  chlorosis,  408 
Couturier's  theory  of  chlorosis,  353 
Cover-glasses  for  blood-specimens,  37 

preparation,  37 
Creatinin  in  urine  in  chlorosis,  455 

Dare's  alkalimeter,  217 
colorimeter,  28 

method  for  alkalinity  of  blood,  217 
Debris  iron,  29 

Deetjen's  method  for  counting  blood-plate- 
lets, 141 
method  of  blood-examination,  141 
Defecation  in  chlorosis,  419 
Degeneration,  anemic,   in  simple  chronic 
anemia,  219 
fatty,  in  post-hemorrhagic  anemia,  165 

in  progressive  pernicious  anemia,  282 
of  bone-marrow,  megaloblastic,  57 
Delirium  in  post-hemorrhagic  anemia,  168 
Diaceturia  in  progressive  pernicious  ane- 
mia, 266 
Diarrhea  in  myeloid  leukemia,  661 
Diastolic  murmurs  in  chlorosis,  395 
Diazo  reaction  in   progressive   pernicious 

anemia,  266 
Diet  in  prophylaxis  of  chlorosis,  479 
in  treatment  of  chlorosis,  504 
albumin  in,  505 
alcohol  in,  508 
bill  of  fare,  510 
breakfast,  510 
dinner,  511 

frequency  of  meals,  505 
luncheons,  511 
meat  in  morning,  506 
milk  in,  507 
morning  diet,  506 
regularity  of  meals,  505 
supper  in,  511 
vegetables  in,  509 
with  constipation,  516 
with  emaciation,  513 


Diet  in  treatment  of  chlorosis  with  gastric 
disturbances,  514 
with  obesity,  513 
with  water  in  tissues,  513 
Digestion  leukocytosis  in  chlorosis,  370 
Digestive  organs,  diseases  of,  simple  chronic 
anemia  from,  199 
in  011101*0813,  350,  406 
in  myeloid  leukemia,  661 
in  post-hemorrhagic  anemia,  167 
in  progressive  pernicious  anemia,  270, 

284 
in  simple  chronic  anemia,  223 
lymphocytosis  and,  83 
Dinner  for  chlorotics,  511 
Distoma  luematobium,  simple  chronic  ane- 
mia from,  205 
Dizziness  in  chlorosis,  treatment,  526 
Doigt  mort  in  chlorosis,  363 
Douches  in  treatment  of  chlorosis,  519 
Duclos*  theory  of  chlorosis,  353 
Dunin's  theory  of  chlorosis,  354 
Dura  mater  in  progressive  pernicious  ane- 
mia, 291 
Dyspepsia  in  chlorosis,  nervous,  406,  408 
Dyspnea  in  chronic  leukemia,  594 
in  myeloid  leukemia,  660 

Ear  in  chlorosis,  433 

in  chronic  leukemia,  593,  601 

in  myeloid  leukemia,  662,  666 

in   progressive  pernicious  anemia,  post- 
mortem appearances,  294 
Echinococcus,  simple  chronic  anemia  from, 

205 
Eczema  in  chlorosis,  437 
Edema  in  chlorosis,  402,  435 

in  post-hemorrhagic  anemia,  163 

in  progressive  pernicious  anemia,  263 

in  simple  chronic  anemia,  222 

of  lids  in  chlorosis,  435 
Ehrlich's  method  for  granules,  98 

theory  of  nucleated  red  cells,  54 

vital  methylene-blue,  98 
Elevation,  effect  on  number  of  red  cells,  22 
Emaciation  in  chlorosis,  diet  for,  513 
Endocarditis,  progressive  pernicious  anemia 

and,  differentiation,  314 
EngeFs  alkalimeter,  215,  216 
Eosin-methylene-blue  for  dried  spedmena, 

42,44 
Eosinophile  myelocytes,  88 
Eosinophiles,  67 
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Fixatives  for  dried  specimen,  dry  heat  as, 
38 
ether  aiid  alcohol  as,  38 
formol  VL»,  39 
NikiforoflTs,  38 
Fleischrs  hemometer,  28 
Flow  of  blood  in  estimating  quantity,  15 
Forchheimer^s  theory  of  chlorosis,  353 
Formol  as  fixative  for  dried  specimen,  39 
Fowler's  arsenic  solution  in  progressive  per- 
nicious anemia,  321 
solution  in  chronic  leukemia,  615 
Freezing    method    for   cell-granules,    Altr 

mann's,  98 
Freezing-point  of  blood  in  simple  chronic 

anemia,  215 
Fruit  in  prophylaxb  of  chlorosis,  480 

Gartner  hematocrit,  32 
Gastric   disturbances  with   chlorosis,  diet, 
514 
glands  in  progressive  pernicious  anemia, 

285 
juice  in  progressive  pernicious  anemia, 

271 
ulcer  with  chlorosis,  462 
prognosis,  469 
Cxastra-intestinal  diseases  in  simple  chronic 
anemia,  199,  223 
progressive    pernicious   anemia  from, 

242 
simple  chronic  anemia  from,  199,  223 
tract  in  chronic  leukemia,  601 
in  myeloid  leukemia,  661 
in  progressive  pernicious  anemia,  270, 

284 
tumors  of,  progressive  pernicious  ane- 
mia from,  242 
Gastrokateixia  from  corsets,  411 
Gkistroptic  crises  in  chlorosis,  413 
Ghistroptosis,  chlorosis  and,  354 

from  corsets,  411 
Gautier's  cacodylic  treatment  of  progressive 

pei-nicious  anemia,  322 
Gelatin  in  hemorrhage,  173 
Genitalia  in  chlorosis,  425 
Giant-cells  of  bone-marrow,  87 

staining,  87 
Gigantoblasts,  52,  53 
clinical  features,  56 
in  bone-marrow,  92 
in  progressive  pernicious  anemia,  252 
diagnosis  and,  310 


GigantoblastB,  normoblasts  and,  differentia- 
tion, 56 
transformation  of,  into  normoblasts,  57 

Gigantocytes  in  progressive  pernicious  ane- 
mia, 250 

Globules  mdrs,  72 
vieux,  72 

Globulin  in  blood-chlorosis,  382 
in  simple  chronic  anemia,  213 

Glycogen  in  blood,  demonstration,  45 
in  liver-cells,  100 
in  secretions,  demonstration,  46 

Glycosuria  in  chlorosis,  459 

Gowers*  hemoglobinometer,  28 

Granulations  of  red  corpuscles,  basophilic,  59 

Granules,  cell-,  95.     See  also  Cell-gmnuUs. 
of  corpuscles,  95.  See  also  Cell-granules, 

Grawitz's  theory  of  chlorosis,  354,  355 

Green  cancer,  576.    See  also  Chlormna, 

Guaiac  tincture  aa^  stain  for  chloroma  tis- 
sue, 580 

Guinea-pig,  histology  of  blood,  73 

Gums  in  acute  leukemia,  563 
ulceration,  566 

Gumprecht*s  hygromometry  method,  31 

GusseroVs   treatment  of  progressive  per-- 
nicious  anemia  in  pregnancy,  318 

H^MAM^BA    leukeemia;    magna,   myeloid 
leukemia  and,  648 
parva    seu   vivax,   myeloid    leukemia 
and,  648 
Hair  in  chlorosis,  438 
Haldane  and  Smith's  estimation  of  blood, 

19 
Hallucinations  in  {>ost-hemorrhagic  anemia, 

168 
Hammerschlag's   specific   gravity   method, 

29 
Hayem's  fluid  for  counting  red  corpuscles, 

20 
Headache  in  chlorosis,  362 

treatment,  524 
Hearing  in  chlorosis,  433 

in  progressive  pernicious  anemia,  280 
Heart  activity  in  acute  leukemia,  559 
in  chlorosis,  388 
palpitation,  388 
r-rays  in  examination,  395 
in    progressive   pernicious  anemia,   268, 

282 
valves  in  progressive  j)emicious  anemia, 
283 
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Hydrotherapy  in  chlorosis,  519 
Hydrothorax,  hemoiThagic,  in  progressive 

pernicious  anemia,  315 
Hygromometry,  31 
Hyperalbuminemia  rubra    in    progressive 

pernicious  anemia,  260 
Hyperchlorhydria  in  chlorosis,  417 
Hyperemia  in  myeloid  leukemia,  660 

of  skin  in  chlorosis,  437 
Hyperleukocytosis,  107 

in  progressive  pernicious  anemia,  259 
Hypertrophy  of  skin  in  chlorosis,  pigmented, 

438 
Hypoleukocytosis,  107 
Hypoplasia  of  vascular  system,  chlorosis 
and,  differentiation,  476 
in  chlorosis,  386 
Hysteria  in  chlorosis,  439 

Immermann's  theory  of  chlorosis,  352 
Impure  air  as  cause  of  anemia,  194 
Inanition,  anemia  from,  189 
Indicanuria  in  progressive  pernicious  ane- 
mia, 287 
Infusion  in  posl-hemorrhagic  anemia,  175 

of  physiologic  salt  solution  in  acute  ane- 
mia, 177 

iSchucking's,  179 
Inoculations  in  treatment  of  chronic  leuke- 
mia, 614 
Internal  oi^gans  in  progressive  pernicious 

anemia,  281 
Intestinal  parasites,  chlorosis  and,  diagnosis, 

472 
Intestines,  absorption  by,  in  progressive  per- 
nicious anemia,  272 

activity  of,  in  progressive  pernicious  ane- 
mia, 272 

atrophy  of,  progressive  pernicious  anemia 
from',  242 

disea.ses  of,  progressive  pernicious  anemia 
from,  242 

hemorrhage  from,  in  acute  leukemia,  553 

in  acute  leukemia,  563 

in  chlorosis,  decomposition  in,  419 

in  progressive  pernicious  anemia,  285 

in  simple  chronic  anemia,  224 
motor  functions,  224 
Intravenous     transfusion     in     post-hemor- 

rhagic  anemia,  176 
lodid   of  potassium  in  chronic  leukemia, 

614 
lodin  in  chronic  leukemia,  614 


lodin  in  pseudoleukemia,  637 

reaction  with  polynuclear  leukocytes,  67 
Iodoform  in  chronic  leukemia,  614 
lodophilia  in  polynuclear  leukocytes,  67 
Iron,  debris,  29 
in  blood  in  chlorosis,  382 

in  simple  chronic  anemia,  214 
in  chlorosis.     See  Iron  in  treatment  of 
chlorosia. 
metabolism,  447,  450 
in  determining  hemoglobin,  28 
in  internal  organs  in  progressive  perni- 
cious anemia,  281 
in  liver  in  progressive  pernicious  anemia, 

281 
in  nourishment,  diminution  of,  anemia 

and,  192 
in  post-hemorrhagic  anemia,  181 
in  prophylaxis  of  chlorosis,  484 
in  simple  chronic  anemia,  226 
in  treatment  of  chlorosis,  484 
administration,  491 
duration,  493 
regularity,.  493 
subcutaneous,  494 
chalybeate  waters,    490,    495,    496, 

497,  520 
contra-indications,  494 
discontinuance,  492 
dose,  491 
improvement  from,  diagnosis   and, 

471 
manner  of  action,  485 
negative  results,  493 
preparations,  488 
recurrences  and,  494 
suboutaneously,  494 
of  progressive  pernicious  anemia,  323 
prei>aration8,  488 
spondogenous,  29 
subcutaneous  injection,  184 
Irritable  weakness  in  simple  chronic  ane- 
mia, 222 

Jenner^s  method  for  dried  specimens,  45 
JolW  ferrometer,  28 

Karyochromatophilic  granules,  255 

Karyolysis,  53 

Karyorrhexis,  53 

Kidney  diseases,  chlorosis  and,  differiMitia- 

tion,  475 
Kidneys  in  acute  leukemia,  563 
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Kidneys  in  chloroma,  579 
in  chronic  leukemia,  600 

microscopic  appearance,  603 
in  myeloid  leukemia,  666 
in  progressive  pernicious  anemia,  284' 
Kobner^s  solution  in  chronic  leukemia,  615 
Koch's  examination  for  granules,  97 
Kolliker  and  Neumann's  theory  of  nucle- 
ated red  cells,  53,  54 
Koppe's   method   of    separating   red  cells 
from  blood,  32 

Labor,  progressive  pernicious  anemia  aft€r, 

238 
Lacrimal  glands,  tumor  of,  in  chronic  leu- 
kemia, 591 
Lactorrhea,  anemia  from,  196 
Larynx  in  chronic  leukemia,  microscopic 

appearance,  604 
Lead,  simple  chronic  anemia  from,  208 
Lead-poisoning,  blood  in,  59,  60 
Leishman's  method  for  dried  specimens,  44 
Leukemia,  125 
acute,  blood  in,  91 
blood-picture  in,  540 
cutaneous  form,  604 
diagnostic  significance,  131 
eosinophiles  in,  129 
eosinophilia  and,  112,  130 
febrile  diseases  and,  133 
leukocytes  in,  atypic  forms,  132 
lienal,'l25,539  ' 
lienomcdullary,  126 
lymphatic,  126,  539 
acute,  120,  543,  544 
age  and,  549 
albuminuria  in,  558 
anemia  with,  558 
blood  in,  572 

blood-making  organs  in,  544 
bone-marrow  in,  562,  567 

lymphoid,  568 
brain  hemoiThage  in,  553 
cerebral  nerves  in,  paralysis,  553 
course,  549,  560 
deatli  in,  560 
definition,  542,  581 
diagnosis,  572 

differentiation,  573 
duration,  560 

enlargement  of  lymphatic  structures 
in,  551 
of  mucous  membranes  in,  554 


Leukemia,  lymphatic,  acute,  esophagus  in, 

563' 
etiology,  570 

eye-ground  hemorrhages  in,  553 
fever  in,  560 

from  pseudoleukemia,  622 
gross  anatomy,  562 
gums  in,  563 

ulceration,  566 
heart  activity  in,  559 
hemamebee  in,  571 
hemorrhage  in,  552,  562,  565 

brain,  553 

eye-ground,  553 

intestinal,  553 

mouth,  552 

skin,  552 

urethral,  553 

vaginal,  553 
histogenesis,  569 
histologic  anatomy,  564 
intestinal  hemorrhage  in,  553 
intestines  in,  563 
kidneys  in,  563 
leukocytosis  in,  554 
liver  in,  559,  563 
Lowit's  theory,  571 
lymph  glands  in,  551,  562 
lymphocytes  in,  555 
lymphogonies  in,  557,  664 
macix)scopic  anatomy,  562 
markzellen  in,  556 
marrow-cells  in,  554,  556 
metastatic  lymphomata  in,  565 
mouth  hemorrhages  in,  552 
mucous  membranes  in,  necn>8is,  566 

swelling,  554 

ulceration,  554,  566 
myelogonies  in,  557 
myeloid    leukemia   and,  differentia- 
tion, 608 
necrosis  in,  566 

of  skin,  552 
onset,  549 

oxygen  metabolism  in,  560 
palate  in,  563 

paralysis  of  cerebral  nerves  in,  553 
pathologic  anatomy,  562 
pharyngeal   tonsils  in,  enlargement, 

552 
pharynx  in,  563 
place  of  origin,  544 
prognosis,  574 
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Leukemia,    lymphatic,    acute,    pseudoleu- 
kemia and,  differentiation,  542, 573 
red  corpuscles  in,  657 
respiration  in,  560 
rupture  of  spleen  in,  death  from,  560 
skin  in,  558 

hemorrhages,  552 

necrosis,  552,  567 

ulceration,  567 
spleen  in,  562,  567 

rupture,  death  from,  560 
stomach  in,  563 

swelling  of  lymphatic  structures  in, 
551 

of  mucous  membranes  in,  554 
symptoms,  549 

general,  558 

primary,  550 
thymus  in,  564 
tongue  in,  563 
tonsils  in,  563 

pharyngeal  enlargement  in,  552 
treatment,  575 
ulcerations  in,  554, 566 
urethral  hemorrhage  in,  553 
uric  acid  excretion  in,  559 
urine  in,  558 

vaginal  hemorrhage  in,  553 
and  myelogenic,  differentiation,  127 
blood  in,  93,  94 
chronic,  127,  543,  581 
albuminuria  in,  592 
appetite  in,  berberinum  for,  616 
arsenic  in,  615 

Bence^ones  body  in  urine  in,  593 
blood-picture  in,  587 
bone-marrow  in,  386, 597 

extract  in,  616 

microscopic  appearance,  603 
carbolic  acid  in,  016 
course,  584,  594 
cutaneous  form,  604 
death  in,  59o,  613 
diagnosis,  612 
dyspnea  in,  594 
ear  in,  593,  601 

erythrodermie  mycosique  in,  589 
etiology,  609 
extirpation  in,  613 
eye  in,  593 
fever  in,  594 
Fowlei-'s  solution  in,  615 
gastro-intestinal  tract  in,  601 


Leukemia,  lymphatic,  chronic,  hemoglobin 

in,  588 
hemorrhages  in,  592 

from  skin  in,  591 
'    histogenesis,  606 
histologic  findings,  601 
inoculation  in  treatment,  614 
iodid  of  potassium  in,  614 
iodin  in,  614 
iodoform  in,  614 
kidneys  in,  600 

microscopic  appearance,  603 
Kobner^s  solution  in,  615 
lacrimal  tumor  in,  591 
larynx   in,  microscopic  appearance, 

604 
leukocytosis  in,  581,  587 
liver  in,  592,  600 

micrascopic  appearance,  603 
L6wit*s  theory,  610 
lymph  glands  in,  584,  595,  596 

microscopic  appearance,  601 
lymphad^nie  cutan^  in,  589 
lymphatic  enlargement  in,  584 

tissue  growth  in,  588 
Ijrmph-gland   extract  in   treatment, 

616 
lymphocytosis  in,  582,  587 
lymphodermia  pemiciosa  with,  589 
lymphomata  in  skin  in,  589 
macroscopic  findings,  595 
metabolism  in,  593 
microscopic  findings,  601 
milk  extract  for,  614 
mucous  membranes  in,  600 
mycosis  fungoides  in,  589 
myeloid   leukemia  and,  differentia- 
tion, 668 
myeloid  leukemia  and,  relation,  671 
nephritic  signs  in,  592 
nervous  diseases  in,  592 

system  in,  601 

microscopic  appearances,  005 
nuclein  in,  614 
onset,  584 

oxygen  inhalations  in,  616 
paralysis  in,  593 
parasitic  theory,  609 
pathologic  anatomy,  595 
potassium  iodid  in,  014 
prognosis,  613 
pseudoleukemia  and,  differentiation, 

582,  636 
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Leukemia,  lymphatic,  chronic,  red  corpus- 
cles in,  decrease,  588 
respiratory  tiact  in,  600 
salivary  tumor  in,  591 
sarcoma  with,  591 
skin  in,  589,  601 

microscopic  app^rance,  604 
spermin  in,  614 
spleen  in,  585,  596 

microscopic  appearance,  602 
staining  organism,  610 
symmetric  tumor  of  facial  glands  in, 

591 
symptoms,  584 
thyroid  extract  for,  616 
trachea  in,  microscopic  appearance, 

604 
treatment,  613 
medical,  613 
surgical,  613 
x-ray,  676 
tuberculin  in,  614 
urine  in,  Bence-Jones*  body  in,  593 
urticaria  with,  589 
vascular  diseases  in,  592 
aj-rays  for,  676 
diagnosis,  127 
genuine,  582 

lymphatic-hepatic  form,  126 
lymphocytic,  541 
markzellen  in,  129 
raastrcells  in,  increase,  132 
medullary  lymphatic,  126 
mononuclear  neutrophiles  in,  129 
myelocytes  in,  129 
myelogenic,  126,  544 
and  lymphatic,  differentiation,  127 
diagnosis,  127 

microscopic  characteristics,  128 
myelogenous,  541 

myeloid  leukemia  and,  differentiation, 

608 
x-rays  for,  676 
myeloid,  544,  645 
age  and,  647 
albuminuria  in,  659 
anemia  in,  655,  663 
appetite  in,  661 
ascites  in,  661 
bacteriologic  origin,  648 
blood  in,  649 

Charcot-Leyden     crystals    in,    654, 
663 


Leukemia,  myeloid,  blood  in,  coagulation, 
653 

color,  652 

quantity,  652 

post  mortem,  663 

serum,  654 

specific  gravity,  653 

uric  acid  in,  654 

xanthin  in,  654 
blood-picture  in,  649, 652 
bone-marrow  in,  664,  669 

tumors  and,  differentiation,  668 
central  nervous  system  in,  662,  666 
Charcot-Leyden  crystals  in  blood  in, 

654,663 
in  bone-marrow  in,  664 
circulatory  symptoms,  660 
climate  and,  647 

clinical  alterations  in  general  condition 
in,  655 
in  organs  in,  655 
complications,  670 
course,  667 
death  in,  669 
diagnosis,  672 

differential,  668 
diarrhea  in,  661 
digestive  organs  in,  661 
duration,  667, 669 
dyspnea  in,  660 
ear  in,  662,  666 
eosinophilia  in,  649 
er}^sipelas  with,  670 
etiology,  647 
eye  in,  662,  666 
fat  in,  subcutaneous,  655 
fever  in,  656 

gastro-intestinal  tract  in,  661 
hsemamflpba  leuksemiae  magna  and,  648 
haemaraa^ba  leuksemise  parva  seu  vivax 

and,  648 
hemoglobin  percentage  in,  652 
hemorrhage  in,  656 
hemorrhagic  diathesis  in,  656 
hyperemia  in,  660 
infectious  diseases  and,  differentiation^ 

668 
kidneys  in,  666 
leukocytes  in,  649 

ratio  to  red  cells,  651 
liver  in,  660,  665 
Lowit's  protozoa  and,  648 
lymph  glands  in,  660,  665 
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Leokemia,   myeloid^   lymphatic    leukemia 

and,  differentiation,  668 
lymphatic  leukemia  and,  relation,  671 
lymphomatosis  in,  665 
mast-cellH  in,  650 
metabolism  in,  656 

protcid,  6o8 

respiratory,  657 
mononuclear  neutrophiles  in,  649 
myelogenous  leukemia  and,  differentia- 
tion, 668 
myeloid   metamorphosis  of  spleen  in 

664 
nervous  system  in,  662,  666 
nitrogen  excretion  in,  659 
nutrition  in,  655 
occupation  and,  647 
pathologic  anatomy,  663 
pernicious  anemia  and,  differentiation, 

668 
prognosis,  669 
red  corpuscles  in,  649 
ratio  to  white,  651 
respiratory  symptoms,  660 
sense  organs  in,  662 
serum  in,  654 
sex  and,  647 
sexual  organs  in,  662 
skin  in,  661 
spleen  in,  659,  664 

myeloid  metamorphosis,  664 
splenectomy  for,  675 
sputum  in,  660 
subjective  complaints  in,  666 
symptomatology,  649 
temperature  in,  656 
trauma  and.  647 
treatment,  675 

effect  on  blood,  652 

splenectomy  in,  675 

vaccination  in,  675 

2»-ray,  675 

conclusions,  678 
duration,  678 
technic,  678 
unfavorable  results,  678 
tuberculosis  with,  670 
uric  acid  in,  658 
urine  in,  658 
vaccination  for,  675 
xanthin  in  blood  in,  654 
x-ray  treatment,  675 
conclusions,  678 
45 


Leukemia,  myeloid,  z-ray  treatment,  dura- 
tion, 678 
technic,  678 
unfavorable  results,  678 
red  corpascles  in,  nucleated,  133 
sepsis  and,  131 
seu  bone-marrow  celled,  645.    See  also 

Leukemia^  myeloid. 
Leukocytes,  62 
antitoxic  powers,  107 
atypic  forms,  in  leukemia,  132 
bone-marrow  as  source,  85,  606 
destruction  of,  leukoiK>nia  from,  138 
diminution,  138.     See  also  Leukopenia. 
eosinophile,  guinea-pig,  73 
estimation,  20 

granular,  of  guinea-pig^ s  blood,  73 
granules  of.    See  also  CeU-^raniUes. 
histology,  63 
in  chlorosis,  376 
in  leukemia,  acute,  554 

chronic,  increase,  581,  587 

myeloid,  649 
red  corj^uscles  and,  ratio,  651 
in  past-hemorrhagic  anemia,  morphologic 

changes,  161 
in  progressive  pernicious  anemia,  256 
diagnosis  and,  312 
morphologic  changes,  259 
number,  256 
in  pseudoleukemia,  619 
in  simple  chronic  anemia,  220 
irritation  forms,  70 
large  mononuclear,  05 
lessened  influx  of,  leukopenia  from,  138 
lymph  glands  as  source,  82 
mononuclear,  with  neutrophile  granula- 
tions, 68 
non-granular,  guinea-pig,  73 

source,  90 
origin,  70,  94 
polymorphonuclear,  66 

acidophilic,  67 
poly  nuclear,  66 

iodin  reaction,  67 

number,  67 

perinuclear  granulations,  67 

with  pseudo-eoidnophile  granolatioiis, 
guinea-pig,  73 
source,  70,  94 
spleen  in  origin,  72 
Thoma's  fluid  for  counting,  20 
transition  forms,  66 
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Leukocytes  with  vacuoles,  guinea-pig,  73 
Leukocytosis,  106 

active,  108 

agonal,  111 

basophile,  112,  120-122 

biologic  significance,  106 

bone-marrow  and,  89,  111 

cachectic,  111 

cells  increased  in,  89 

chemotaxic  theory,  107 

definition,  106 

digestive,  110 
in  chlorosis,  377 

in  acute  leukemia,  554,  581 

in  chlorosis,  376 

in  chronic  leukemia,  587 

in  ix)6t-hemorrhagic  anemia,  161 

in  progressive  pernicious  anemia,  256 

large  mononuclear  cells  in,  89 

lienal,  82 

Lowit's  theory,  107 

mastrcell,  112,  120-122 

Metchnikoff's  theory,  106 

mixed,  125.     See  also  LeukemioL 

morphologic  character,  108 

of  anemic  conditions,  110 

of  infectious  processes,  110 

passive,  108 

pathologic,  110 
etiology,  112 

phagocytic  theory,  106 

physiologic,  110 
etiology,  112 

polynuclear  eosinophile,   112.     See  also 
Eosinophilia. 
neutrophile,  109 
eosinophiles  in,  109 
etiology,  109,  111 
lymphocytes  in,  109 

post-heniorrhagic,  161 

theories,  85,  107,  607 

toxic,  110 

transitional  cells  in,  89 
Leukopenia,  107, 138 

artificial,  107 

from  destniction  of  leukocytes,  138 

from  lessened  influx  of  leukocytes,  138 

in  anemia,  139 

in  splenic  anemia,  138 

in  typhoid  fever,  139 

in  chlorosis,  431 

infections,  139 
Levy's  theory  of  chlorosis,  356 


Lienal  leukemia,  539 

Light,  lack  of,  anemia  from,  193 

leukocytosis,  82 
Liver  in  acute  leukemia,  559,  563 
in  chronic  leukemia,  592,  600 

microscopic  appearance,  603 
in  myeloid  leukemia,  660,  665 
in   progressive  pernicious  anemia,   273, 

290 
iron  in,  in  progressive  pernicious  anemia, 
281 
LiveiHjells,  glycogen  in,  100 
granules,  100 
paraplasm,  100 
secondary',  100 
Love-sickness  in  etiology  of  chlorosis,  351 
Lowit^s  protozoa  as  cause  of  myeloid  leu- 
kemia, 648 
theory  of  chronic  leukemia,  610 
of  leukemia,  571 
of  leukocytosis,  107 
L6wy*s  method  for  alkalinity  of  blood,  215 
Luncheons  for  chlorotics,  511 
Lungs  in  chlorosis,  363 

in  progressive  pernicious  anemia,  284 
Lymph  glands  as  source  of  leukocytes,  82 
of  lymphocytes,  82 
enlargement  of,  in  chronic  leukemia, 

584 
extract  of,  in  chronic  leukemia,  616 
in  acute  leukemia,  551,  562 
in  chloroma,  579 
in  chronic  leukemia,  584,  595,  596 

microscopic  appearance,  601 
in  myeloid  leukemia,  660,  665 
in  progressive  pernicious  anemia,  273 
Lymphadenia  ossium,  619 
Lymphad<5nie  cutan^  in  chronic  leukemia, 

589 
Lymphadenoid  transformation,  Neumann's 

theory,  607 
Lymphatic  enlargement  in  chronic  leuke- 
mia, 584 
Lymphatic  leukemia.     See  Leukemia^  lym- 
phatic, acutCj  and  Leukemia^  lymphatic^ 
chronic, 
swelling  in  pseudoleukemia,  618 
tissue,  replacement  of  bone-marrow  by, 
93 
Lymphatic-hepatic  leukemia,  125 
Lymphemia,  65 

eosinophiles  in,  112 
Lymphocytes,  63 
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Lymphocytes,  bone-marrow  as  source,  606 

guinea-pig's,  74 

in  acute  leukemia,  555 

in  chronic  leukemia,  increase,  587 

in  polvnuclear  neutrophile  leukocytosis, 
109' 

in  progressive  pernicious  anemia,  258 

in  pseudoleukemia,  increase,  617,  619 

increase  in  number,  65 

motility,  135 

nuinlKT,  65 

source,  82 
Lymphocytic  leukemia,  541 
Lymphocytosis,  65,  83 

bone-marrow  and,  93,  94 

digestive  tract  and,  83 

from  chemic  irritation,  84 

from  pilocarpin,  84 

from  tuberculin,  84 

in  acute  leukemia,  555 

in  chronic  leukemia,  582, 587 

in  pseudoleukemia,  617,  619 

in  whooping-cough,  84 

theories,  85,  607 
Lymphodermia  pemiciosa  in  chronic  leu- 
kemia, 589 
in  pseudoleukemia,  621 
Lymphogonies  in  lymphatic  leukemia,  557, 

564 
Lymphoid  marrow  in  leukemia,  568 
Lymphomata  in  skin  in  chronic  leukemia, 
589 

malignant,  616.    See  also  Pseudoleukemia. 

metastatic,  in  leukemia,  565 
Lymphomatosis  in  myeloid  leukemia,  665 
Lymphosarcoma,   616.      See    also   Piseudo- 

leukemia. 
Ijymphosarcomatosis,  583,  631 

pseudoleukemia  and,  617 

Macrocytbs  in  i)rogres8ive  pernicious  ane- 
mia, 250 

Malaria,  simple  chnmic  anemia  from,  201 

Malignant  lymphoma,  616.   See  also  Pteudo- 
Uukanla. 

Markzellen  in  leukemia,  129 
in  acute  lympliatic  leukemia,  556 

Marriage  of  chlorotics,  523 

Marrow  cells,  544 

in  acute  lymphatic  leukemia,  556 

Massage  in  progressive  pernicious  anemia, 
324 

Mast-coll  leukocytosis,  112, 120-122 


Mast-cells,  68 

granules,  104,  105 

halo,  105 

uici-ease,  112,  120-122 
in  leukemia,  132 

in  myeloid  leukemia,  650 
Masturbation,  chlorosis  and,  351 
Mature  cells,  72 
Mayer's  apparatus  for  heat  fixation  of  dry 

specimens,  38 
Meat  in  treatment  of  chlorosis,  506 
Megaloblasts,  52,  53 

clinical  features,  56 

in  bone-marrow,  92 

in  progressive  pernicious  anemia,  262 
diagnosis  and,  310 

normoblasts  and,  differentiation,  56 

transformation  of,  into  normoblasts,  57 
Megalocytes  in  progressive  pernicious  ane- 
mia, 250 
Meinert's  theory  of  chlorosis,  354 
Melancholia  in  chlorosis,  439 
Meningitis,  progressive  pernicious  anemia 

and,  differentiation,  315 
Menstruation  in  chlorosis,  358,  427 
amount,  431 
frequency,  428 
urine  elimination  and,  456 

in  progressive  |)emicious  anemia,  273 
Mental  state  in  chlorosis,  361 
Mesenteric  glands  in  progressive  {^emicioas 

anemia,  290 
Metabolic  origin  of  cell-granules,  100,  101 
Metabolism,    clianges    in,    in    post-hemor- 
rhagic  anemia,  164 

in  clilorosis,  422,  441 

in  chronic  leukemia,  593 

in  myeloid  leukemia,  656 

in  progressive  |>emicious  anemia,  264 

in  simple  chrcmic  anemia,  223 

of  albumins  in  chlorosis,  444 

of  hemoglobin  in  chlorosis,  447 

of  iron  in  chlorosis,  447,  450 
Methylene-blu€^«08in  for  dried  specimenSy 
42,  44 

vital,  Ehrlich's,  98 
Metschnikoff's  phagocytic  theory,  106 
Microblasts,  53 
Microcytes,  51 

in  progressive  pernicious  anemia,  251, 
255 
Milk  extract  in  chronic  leukemia,  614 

in  treatment  of  chlorosis,  446,  507 
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Mineral  baths  in  chlorosiB,  520  ' 

MitnU  insufficiency  in  chlorosis,  393 

Morphology  of  blood,  35 

Mouth,  hemorrhage  from,  in  leukemia,  552 

ulcerations  of,  in  leukemia,  5()6 
Mucous  membranes  as  indicators  of  quan- 
tity of  blood,  18 
in  acute  leukemia,  swelling,  554 

ulceration,  554 
in  chronic  leukemia,  600 
in  post-hem orrhagic  anemia,  163 
necrosis  of,  in  acute  leukemia,  566 
ulcerations  of,  in  acute  leukemia,  566 
MuUer's  theory  of  eo6inoi>hilia,  117 
Murmurs  in  chlorosis,  cardiac,  391 

venous,  399 
Murri's  theory  of  chlorosis,  354 
Muscles  in  progressive  pernicious  anemia, 

282 
Muscular  weakness  in  simple  chronic  ane- 
mia, 222 
Mycosis  fungoides  in  chronic  leukemia,  589 
Myelemia,   109,  645.     See  also  Leukemia^ 

myeloid. 
Myelemic  constituents  of  blood,  origin,  135 
Myelocytes,  68,  88 
eosinophile,  69,  88 
in  leukemia,  129 
in  chlorosis,  378 
in  leukemia,  129 

in  metastatic  carcinoma  of  bone-marrow, 
91 
Myelogenic  leukemia,  544 
Myelogenous  leukemia,  641 
seu  me<lullary  leukemia,  645.     See  also 
Leukemia  J  myeloirf. 
Myelogonies  in  lymphatic  leukemia,  557 
Myeloid  leukemia,  544,645.     See  also  Leu- 

keminy  myeloid. 
Myelomata,  multiple,  625,  633 
Myocardium   degeneration   in    progressive 
pernicious  anemia,  283 

Naii^  in  chlorosis,  438 

Necrobiosis,  slow,  376 

Necrosis  in  acute  leukemia,  566 
of  skin  in  acute  leukemia,  552 

Negative  chemotaxis,  107 

Nephritis,    chlorosis    and,    differentiation, 
475 
signs  of,  in  chronic  leukemia,  592 
with  progressive  pernicious  anemia,  308 

Nervous  dyspepsia  in  chlorosis,  406,  408 


Nervous  system  in  chlorosis,  438 
in  chronic  leukemia,  592,  601 

microscopic  appearances,  605 
in  myeloid  leukemia,  662,  666 
in  post-hemorrhagic  anemia,  167 
in  progressive  pernicious  anemia,  273, 
291 
Nerves,  cerebral,  paralysis  of,  in  leukemia, 

553 
Neumann  and  Kolliker's  theory  of  nucle- 
ated red  cells,  53,  54 
Neumann's  tlieory  of  lymphadenoid  tnuis- 

formation,  607 
Neuralgia  in  chlorosis,  440 
treatment,  525 
trigeminal,  435 
in  post-heniorrhagic  anemia,  168 
Neuritis,  optic,  in  chlorosis,  435 
Neuroretinitls  in  chlorosis,  435 
Neutral  mixtures  for  blood-staining,  41 

red  for  cell-granules,  98 
Neutrophile  granulations  in  mononuclear 

cells,  68 
Neutrophiles,  eosinophiles  and,  contradic- 
tory behavior,  123 
mononuclear,  in  leukemia,  129 

in  myeloid  leukemia,  649 
polynuclear,  bone-man-ow  as  source,  86 
in  progressive  pernicious  anemia,  259 
Nigrosinophiles,  73 

Nikiforoff's  fixative  for  dried  specimen,  38 
Nitrogen  excretion  in  myeloid   leukemiai, 
659 
in  i>ost-hemorrhagic  anemia,  165 
in  progressive  i)emicious  anemia,  264 
Normoblasts,  52,  53 
clinical  features,  56 
gigantohlasts  and,  differentiation,  56 
in  chlorosis,  375,  448 
in  progressive  |>emiciou8  anemia,  252 

diagnosis  and,  312 
megaloblasts  and,  differentiation,  56 
transfonnation  of,  into  niepalohlasts  57 
Nothnagel's  case  of  anadenia  ossium,  245 

theory  of  chloi-o»is,  353 
Nourishment,  insufficient,  anemia  from,  189 
iron,  decrease  of,  anemia  and,  192 
number  of  red  cells  and,  22 
withdrawal,  effects  on  organism,  189 
Nuclear  remnants  in  blood,  <>1 
Nucleated  red  corpuscles,  51 
free  nuclei  in,  53,  54 
Nuclein  in  chronic  leukemia,  614 
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Nucleus  of  nucleated  red  cells,  53 
Nutrition  in  chlorosis,  364,  441,  445 

in  etiology  of  chlorosis,  348 

in  myeloid  leukemia,  655 

in  progressive  pernicious  anemia,  264 

in  prophylaxis  of  chlorosis,  479 

Obbbity  with  chlorosis,  diet,  513 

Old  cells,  72 

Olfactory  nerve  in  progressive  pernicious 

anemia,  280 
Oligemia  vera,  209 
Oligemia,  definition,  17 
Oligochromemia,  definition,  18 

in  chlorosis,  369 

in  simple  chronic  anemia,  219 
Oligocythemia,  definition,  18 

in  chlorosis,  369 
Orbital  swelling  in  chloroma,  577 
Organic  extracts  in  treatment  of  chlorosis, 

503 
Organotherapy    in   progressive   pernicious 

anemia,  317 
Ovarian  extract  in  treatment  of  chlorosis, 

503 
Ovaries  in  chlorosis,  development,  425,  426 
Ovarin  in  treatment  of  chlorosis,  503 
Oxidation   processes   in    post-hemorrhagic 

anemia,  164 
Oxygen  absorption  in  chlorosis,  443 

inhalations  in  chronic  leukemia,  616 
in  progressive  pernicious  anemia,  323 

metabolism  in  acute  leukemia,  560 
Oxyuris  vermicularis,  simple  chronic  ane- 
mia from,  204  . 
Ozonophores,  101 

Pacini's  fluid  for  counting  red  corpuscles, 

20 
Palate  in  acute  leukemia,  563 
Palpitation  of  heart  in  chlorosis,  388 
Panoptic  staining,  39 
Pappenheim's  theory  of  nucleated  red  cells, 

55 
Paralysis  in  chronic  leukemia,  593 

of  cerebral  nerves  in  leukemia,  553 

spinal,  in  pernicious  anemia,  275 
Paraplasm  of  liver-celK  100 
Parasitic  theory  of  chronic  leukemia,  609 
Pelvis  in  chlorosis,  development,  426 
Pemphigru»»  eosinophilia  in,  113 
Peripheral  nerves  in  progressive  pernicious 

anemia,  276,  293 


Peritoneum  in  progressive  pernicious  ane- 
mia, 272 
Pessary  forms,  47 

in  progressive  pernicious  anemia,  250 
in  simple  chronic  anemia,  219 
Peyer's  patches  in  chloroma,  579 
Phagocytes,  106 

Phagocytic  theory  of  Metschnikoff,  106 
Pharyngeal   tonsils  in   leukemia,   enlarge- 
ment, 552 
Pharynx  in  acute  leukemia,  563 
Phosphates  in  urine  in  chlorosis,  456 
Phosphoric  acid  in  blood  in  chlorosis,  382 
Phosphorus  in  progressive  pernicious  ane- 
mia, 323 
simple  chronic  anemia  from,  208 
Physiologic  salt  solution,  effects  on  plasma^ 
179 
infusion,  177 

intravenous  infusions,  177 
rectal  infusions,  178 
subcutaneous  infusions,  177 
Pia  mater  in  progressive  pernicious  anemia, 

291 
Pilocarpin,  lymphocytosis  from,  84 
Plasma,  red  corpuscles  and,  relations  of 
volumes,  32 
saline  infusions  and,  179 
Plasmolysis,  55 
Pleura  in  progressive  pernicious  anemia, 

284 
Pneumonia,  eosinophilia  in,  115 
Poikilocytes  in  anemia,  50 
simple  chronic,  219 
in  chlorosis,  374 
Poikilocytosis  in  anemia,  50 

in  simple  chronic  anemia,  219 
Polymorphonuclear  cells,  66 
Positive  chemotaxis,  107 
Postrfebrile  eosinophilia,  115 
Potash  in  blood  in  chlorosis,  382 
Potassium  iodid  in  chronic  leukemia,  614 
Pregnancy  in  unmarried  girls,  chlorosis  and, 
differentiation,  475 
ptogressive  pernicious  anemia  following, 

238 
progressive  pernicious  anemia  in,  314 
(xusserow^s  treatment,  318 
Proteid  metabolism  in  myeloid  leukemia, 

658 
Protoplasm,  secondary,  of  liveiM^lls,  100 
Prurigo,  e<xHinophilia  in,  113 
Pseudo-anemia,  angiospastic,  191 


1                                       ^^^^^            LSDEX,                      ^^^^^^^^^^^^B 

1               P^udocTilorosLs,  405 

Pseudoleukemia,  treatment,  636            ^^^^^^^^ 

^^          pHO  ud  0  ley  kem  ia ,  54 1 ,  *>  1 6 

z-rays  iu,  637,  675                                     ^^^^H 

^^B             acute  leukemia  from,  (i22 

tuberculosis  and,  626                                           ^^H 

^K            age  »nd,  f)18,  625 

r-Riy  treatment,  637,  675                                      ^H 

^^B           anipniiu  p^Midoleuki^mb  ixifantium  and, 

Pj^udolymplioejtesi  neutrophile,  small,  69          ^^H 

^^1               differentmtioD,  625,  628 

Pseudopemieion^    anemia     of    childhood,         ^^^k 

^^H           tm^mk  and,  jiseiidop^miciouB,  di0ereiitta- 

pseud olcukeurm  and,  differentiation,  625,          ^^| 

^^B                   tioti,  621^ 

628                                                                   ^H 

^^H               Hpleiiie,  dliTerentmLion,  625,  629 

PsonoAis,  eo8inophitia  in,  113                                ^^H 

^^^H            arwnic  in,  ^M 

Pkyrbic  condition  in  cblorotjls,  361,  439                 ^^H 

^^H            blood-picture  in,  ^17,  619 

PHychoe;cH  in  chlrmKHii^,  361,  439                               ^^| 

^^H            bone-marrow  in,  ^A%  G23 

Pulmonary  tuben^tdc«Ls,bo.<M:jpbil)c  gmnula-          ^^| 

^^H            cbronic  lympliatic  leakemia  and,  differ- 

ti«>n  in,  61                                                       ^^H 

^^H                 entiatkm,  582 

in  ehloroi^ifi,  405                                                 ^^B 

^^1            cour^,  016,  62t 

Purpura  rlieimmtica  in  cblorosifl,  438                     ^^H 

^H            deatb  in,  622 

Pycnometric  method  for  bloctd,  Schmaltaftf^          ^^H 

^H            definition,  625 

^H 

^^^            diagnosis,  625 

Pyknoeis,  56                                                             ^^| 

^^H                dilTcrentml,  625 

^^1 

^^^J            Srylhrikdernuti  mjccufiique  m,  621 

QuAiTTiTY  of  blood,  la     See  also  Blood,          ^H 

^^^H            etiology,  621 

quantity.                                                                       ^^M 

^H            fever 

Quincke^s  estimation  of  blood,  17                             ^^H 

^^H            glnnduliir  tulterculoeJB  and,  617 

Quinin  in  progreiSiiTe  peniicioiis  anenua,          ^^M 

^^B            liurd  form,  6LS.  622 

323                                                                       ^H 

^^H             hislolntric  structure  of  lymphomata,  623 

^H 

^^^H            intenuil  i>rgiius  in,  621 

REt>  coqniscles,  anemic  degenerruion,  48              ^^H 

^^H            irxlin  in,  tloT 

in  simple  chronic  anemia,  219                 ^^H 

^^H             leukemia  nnd,  acutt;  Ivmphatic,  differen- 

bafiophilie ^ninn1ation»,  59                               ^^H 

ces                tiatioTi,  573 

bone-marrow  uh  source,  85                                ^^H 

^^^B             leukiM\vti*s  in,  619 

eblorosls  363                                                       ^^H 

^^H            lympbutic,  582 

of  individual  cells,  371                                 ^^H 

^^H                k'ukcmia  und,  differeuCmtion,  542,636 

counting,   in  simple  chronic  atiemlo,          ^^H 

^^^                 Hwellinj^  ill,  618 

^H 

1                     lymplux\viosis  id,  617^  619 

estimation,  20                                                      ^^H 

lympbrKkTiiiia  j>emicioBa  in,  621 

fallacies,  21                                                   ^H 

1  jm  pb  c>s{i  rcn  m  El  tosls  a  rid ,  6 1 7 

in  anemics,  25                                                ^^H 

difi'erentiiiiion,  631 

fonn,  47                                                            ^^H 

myeloj;^>noiis,  ri82,  619 

myelomata  nnd,  multiple,  differenliation, 

Hiiyem'^  ttutd  for  counting,  20                         ^^H 

625,  m-A 

Heni'^  method  to  ^pamie,  32                         ^^^| 

patbolo^ic  anutomy,  622 

hi^tolri^y,  47                                                      ^^^1 

projE:n»j«?iji,  622,  636 

in  acute  leukemia,  557                                    ^^^| 

p6eudo[>ernir'iouB   anemia   of    cbildhood 

in  cblorcms,  367                                                ^^H 

and,  d  i  fTe rent iat ion,  625,  628 

morphologic  changes,  374                            ^^^| 

relapsing  fi^vcr  and,  chronic,  differentia- 

nuclcuti^l, 375                                                 ^^H 

tion,  ti25,  61^0 

^H 

sexsmd,  61 H,  625 

in  cbronic  leukemia,  decrease,  588                 ^^U 

skin  siHeetioTi-s  in,  621 

in  mytflfiid  leukemia,  649                               ^^H 

soft  fomi,  618,  622 

Icukix-ytcM  and,  ratio,  d5l                        ^^U 

spleen  in,  618,  622 

in  po&t-faeniorrba^c    anemia,  diminQ-          ^^B 

splenic  nnemia  and,  difTerentitttjon,  625, 

tion,  158                                                  ^^H 

6_"J 

diminotion,  recovery  and,  160                 ^^H 

BjmptomK,  616 

morphologic  changea,  160                      ^^B 
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Red  corpuscles  in   progressive  pernicious 
anemia,  diameter,  310 
g^nular  deposits  in,  254 
number,  248 

polychromatophilic      degenera- 
tion, 255 
punctate,  303 
punctate  deposits  in,  254 
size,  250,  310 
in  simple  chronic  anemia,  shape,  219 
morphologic  changes,  218 
size,  219 
increase  in,  high  altitudes  and,  500 
Koppe's  method  of  separation,  32 
large,  in  anemia,  50 
nucleated,  51 
free  nuclei  in,  54 
in  chlorosis,  375 
in  leukemia,  133 
nucleiLs,  53 
number,  21 
age  and,  21,  22 
altitude  and,  22 
climatic  influences,  22 
elevation  and,  22 
nourishment  and,  22 
physiologic  influences,  21,  22 
sex  and,  21 
tropics  and,  25 
vasomotor  influences,  22 
Pacini's  fluid  for,  20 
percentage  volume,  32 
plasma  and,  relations  of  volumes,  32 
polychromatophilic  degeneration,  48 

in  simple  chronic  anemia,  219 
punctate,  255 
relative  size,  26 

resistance  of,  to  external  injuries,  34 
separating  of,  from  blood,  32 
size,  47 

small,  in  anemia,  50 
source,  94 
spleen  in  origin,  81 
vahie  of,  in  chlorosis,  369 
water  ino!x»ase  in,  in  post-hemorrhagic 
anemia,  157 
neutral,  for  gninules,  98 
Reizungsformen,  70 
Relapsing  fever,  chronic,  625,  630 
Respiration  in  acute  leukemia,  560 
in  chlorosis,  frequency,  403 
in  myeloid  leukemia,  660 
Respiratory  organs  in  chlorosis,  403 


Respiratory   organs   in   chronic   leukemia, 
600* 
in  progressive  pemicioiw  anemia,  270, 
284 
Rest  in  treatment  of  chlorosis,  518 
Retina   in   progressive  [lemicious  anemia, 

278 
Rieder's  theory  of  eosinophilia,  117 
Rindfleisch's  theory  of  nucleated  red  cells, 

53,  54 
Ring  bodies,  61 
Rontgen  rays.     See  X-rays, 
Rosin's  method  for  counting  blood-platelets, 

140 
Rouleaux  formation  in  progressive  pemic- 

ioiLs  anemia,  256 
Rubbings,  cold,  in  chlorosis,  519 
Rupture  of  spleen  in  acute  leukemia,  death 

from,  560 
Russell    and    Brodie's   fluid   for  counting 

blood-platelets,  140 

Salivary  glands  in  chloroma,  579 
tumor  in  chronic  leukemia,  591 

Salol  in  progressive  pernicious  anemia,  317 

Salt  in  hemorrhage,  173 
solution,  physiologic,  infusion,  177 

Sarcoma,  eosinophilia  in,  1 16 
with  chronic  leukemia,  591 

Scavenger  cell,  106 

Schapiro's  theory  of  bothriocephalus  ane- 
mia, 235 

Schmaltz*s   capillary  pycnometric  method 
for  bhxxl,  29 

Schmidt's  theory  of  eosinophilia,  119 
of  nucleated  red  cells,  55 

Sch licking's  infusion  solution,  179 

Scleritis  in  chlorosis,  435 

Sclerosis,  spinal,  in  i)rogre88ive   pernicious 
anemia,  276 

Seborrhea  in  chlorosis,  437 

Secretions,  glycogen  in,  demonstration,  46 

Sense  organs  in  chlorosis,  433 

in  progressive  pernicious  anemia,  278 

Sepsis,  leukemia  and,  131 

Serum,  corpuscles  of,  specific  gravity,  31 
in  myeloid  leukemia,  654 
separation,  33 

Sex,  chloroma  and,  576 
chlorosis  and,  339,  340,  342 
in  diagnosis  of  chlorosis,  470 
influence  of,  on  number  of  red  cells,  21 
myeloid  leukemia  and,  647 


in^n: 


V7  ymuU\k^riimKnm  mi^L  *'y*  ^^ 

Ut!^*mt»    '//I.  *^ 

Htit^'W  iff  f/r'firr*'^'tv'r  ^^rmiriffitM  zn^mtuL,  Wy 

^^nVtuifi  t\t\nr'u\  in  \i\tttA  in  i)t\ttrf0'in///^'Z 

in  Ui'ttiorr\istf/*',  17'' 
H|M'/  ifi''  tfrnntiUtr  it'll-,  if7 
of  ln/tH'tiiurt'tw,  Ht't 
KrnvUy  of  l>l#K>rl,  'Zit 
iUn'tttn\'i'nn',  'M 
njif»inMr"^'hhijf*»*  rni'tfuxJ,  2tl 
iMfMopilMlfin  ;iri(l,  'JO,  .'U) 
fivrrMifrM'Irir  rM*'th«Ml,  iill 

H<  lir»Mlh//M   IIM'tll'Ml,  *l\) 

of  r<irpiiH«|cM  of  Nnini,  'M 
H|MMr|i    rliHiurlMifin-K    in     |M>Nt-licmorr)i:t)^i(; 

(llll'iMill,    M»H 

in  pfoj/n-MMiv*'  |H'riii<'ioiiH  iiri<'tnia,  'J7t 
Hpi'i'iMiiinM  licit,    Himph-      rlinmic.     anemia 
from,  VM\ 


^Lt 


r.s'  r-L  •  •:  i=.  ^^ittir  dLricA:  inymai 


hi  >"^-:  l2--  .-1-.  1  -=■  • 

fr»rf A '.:."'.  '•'* 
do'i>.l..  ;:'.^4:^. 
^Jrie^i  -ji*  •■irf:«t-r..  :<» 

F«-ir-.  41.4:5 

('h»'r.zir;-k-r'-  flui*!  ^^r.  44 

cornhiruilion.  .'ft* 

with  a<  i«l  *tain*,  41 

e<»^in-niethyIent.-Mue  for,  42,  44 
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.Tenner's  method,  4v> 

Ix-i><h man's  method.  44 

metlujd,  44 

methylene-blne-eovin  for,  42,  44 

neutral,  41 

triacid,  41 

employment,  43 

Wright's  method,  45 
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Staining  giant-cells  of  bone-mairow,  87,  88 

granules,  chemic  identity  and,  103 
survival,  99 
triacid  solution  for,  97 
vital,  98 

organisms  of  chronic  leukemia,  610 

panoptic,  39 

single,  39 

triacid,  41,  43 
Stains,  acid,  for  blood,  41 

basic,  41,  43 

Chenzinsk/s,  44 

classification,  39 

eosin-methylene-blue,  42,  44 

hematoxylin,  43 

Leishman's,  44 

methylene-blue-eosin,  42,  44 

neutral  mixtures  for  blood,  41 
red  for  cell-granules,  98 

vital  methylene-blue,  Ehrlich's,  98 
Stintzing's  hygromometry  method,  31 
Stockman's  theory  of  chlorosis,  354 
Stomach,  atony  of,  in  chlorosis,  414 

atrophy  of,  in  progressive  pernicious  ane- 
mia, 287 

carcinoma  of,  progressive  pernicious  ane- 
mia and,  differentiation,  315 
progressive  pernicious  anemia  from,  242 

dilatation  in  chlorosis,  414 

diseases,   progressive   pernicious  anemia 
from,  *242 

disturbjinces  with  chlorosis,  diet,  514 

in  acute  leukemia,  563 

in  chlorosis,  position,  410 

in  progressive  pernicious  anemia,  285 

in  simple  chronic  anemia,  224 

motor  function  of,  in  chlorosis,  416 

pain  in  chlorosis,  406 
Struma  chlorotica,  464 
Succussion  siilash  in  chlorosis,  416 
Sugar  in  urine  in  chlorosis,  459 
Supper  for  chlorotics,  51 1 
Suppuration,  anemia  from,  195 
Suprarenal  extract  in  hemorrhage,  172 
Swe^t  l)aths  in  chlorosis,  922 

secretion  in  chlorosis,  437 
Syphilis,    progressive    pernicious    anemia 
from,  241 

simple  chronic  anemia  from,  201 
Systolic  murmurs  in  chlorosis,  391 

Tabes  in  progressive  pernicious  anemia, 
275 


Tachypnea  in  chlorosis,  hysteric,  404 
Tenia  mediocanellata,  chlorosis  and,  diag- 
nosis, 472 
saginatK,  simple  chronic  anemia  from, 

207 
solium,  chlorosis  and,  diagnosis,  472 
Tallqvist's  estimation  of  hemoglobin,  27 
Tarchanofl'^s  estimation  of  blood,  18 
Taste  in  progressive  peinicious  anemia,  280 
Temporal  swelling  in  chloroma,  577 
Thoma-Zeiss  counting  apparatus,  20 
Thoma's  fluid  for  counting  leukocytes,  20 
Thrombosis  in  chlorosis,  400 

prognosis,  469 
Thymus  in  leukemia,  564 
Thyroid  extract  in  chronic  leukemia,  616 
Tincture  of  guaiac  as  stain  for  chloroma 

tissue,  580 
Titration  method  for  alkalinity  of  blood, 

215 
Tobacco,  simple  chronic  anemia  from,  208 
Tongue  in  acute  leukemia,  563 
sensitiveness  of,  in  progressive  pernicious 
anemia,  270 
Tonsils  in  acute  leukemia,  563 

laryngeal,  in  leukemia,  enlargement,  552 
Toxins  of  tumors,  simple  chronic  anemia 
from,  203 
simple  chronic  anemia  and,  )98,  208 
Trachea  in  chronic  leukemia,  604 
Transfusion   in   post-hemorrhagic  anemia, 
175 
in   treatment  of   progressive   pernicious 

anemia,  318 
intravenous,  in  post-hemorrhagic  anemia, 
176 
Triacid  solution  in  staining  granules,  97 

staining,  41,  43 
Trichinosis,  eosinophilia  in,  114 
Trigeminal  neuralgia  in  chlorosis,  435 
Tropics,   influence  of,  on   number  of   red 

cells,  25 
Tul>erculin,  eosinophilia  from,  116 
in  chronic  leukemia,  614 
lymphocytosis  after,  84 
simple  chronic  anemia  from,  198 
Tuberculosis,  chlorosis  and,  diflerentiatioo, 
472 
pulmonary,  405 
glandular  pseudoleukemia  and,  617 
pseudoleukemia  and,  626 
pulmonary,  basophilic  granulations  in,  61 
chlorosiB  and,  differentiations,  472 
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A  Complete  Catalogue  of  our  PubHcalioiii  will  be  Sent  upon  RequefC 
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AN  UNABRIDGED  TREATISE  FOR  THE  SURGEON  AND 
THE  GENERAL  PRACTITIONER 


Surgery :  Its  Principles  and  Practice.  Written  by  66  eminent 
specialists.  Edited  by  W.  W.  Keen,  M.D.,  LL.D.,  Hon.  F.R.C.S.,  Eng. 
AND  Edin.,  Emeritus  Professor  of  the  Principles  of  Surgery  and  of 
Clinical  Surgery  at  the  Jefferson  Medical  College.  Five  octavos  of  lOOO 
pages  each,  containing  2588  original  illustrations,  136  in  colors.  Per 
volume:  Cloth,  ^[7 .00  net;   Half  Morocco,  ;$8.oo  net 
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SURGERY  AND  ANATOMY 


Crandon's 
Sur|(ical  After-treatment 

Surg^lcal  After-treatment.  A  Manual  of  the  Conduct  of  Surgical 
Convalescence.  By  L.  R.  G.  Crandon.  M.  D.,  Assistant  in  Surgery 
at  Harvard  Medical  School;  Assistant  Visiting  Surgeon  to  the  Boston 
City  Hospital.  Octavo  of  803  pages,  with  265  original  illustrations. 
Cloth,  ;$6.oo  net ;  Half  Morocco,  $7,^0  net. 

SECOND  PRINTING  IN  SIX  MONTHS 

This  work  tells  how  best  to  manage  all  problems  and  emergencies  of  surgical 
convalescence  from  recovery -room  to  discharge.  It  gives  aU  the  details  com- 
pletely, definitely,  yet  concisely,  and  does  not  refer  the  reader  to  some  other 
work  perhaps  not  then  available.  The  post-operative  conduct  of  all  operations 
is  given,  arranged  alphabetically  by  regions.  A  special  feature  is  the  elaborate 
chapter  on  Vaccine  Therapy,  Immunization  by  Inoculation  and  Specific  Sera, 
by  Dr.  George  P.  Sanborn,  a  disciple  of  Sir  A.  E.  Wright.     The  text  is  illustrated. 

The  Therapeutic  Gazette 

"The  book  is  one  which  can  be  read  with  much  profit  by  the  active  surgeon  and  will  he 
generally  commended  by  him." 


Moynihan's   Duodenal  Ulcer 

Duodenal  Ulcer.  By  B.  G.  A.  Moynihan,  M.  S.  (London), 
F.  R.  C.  S.,  Honorary  Surgeon  to  Leeds  General  Infirmary ;  Professor 
of  Clinical  Surgery,  University  of  Leeds,  England.  Octavo  of  279 
pages,  illustrated.     Cloth,  $^00  net;  Half  Morocco,  ;$S.50  net. 

BY  AN  AUTHORITY 

Every  surgeon  and  every  practitioner  meets  with  cases  of  duodenal  ulcer,  so 
that  each  must  have  a  good  work  on  the  subject  by  some  recognized  authority. 
It  must  not  only  give  the  etiology,  pathology,  and  symptoms,  but — ^most  important 
of  all — the  diagnosis,  differential  diagnosis,  and  treatment.  Mr.  Moynihan' s  ex- 
tensive experience  in  this  field  gives  his  book  the  stamp  of  authority.  And  he 
has  presented  his  subject  in  a  style  at  once  forceful,  definite,  yet  concise.  For 
the  practitioner  he  fixes  the  diagnosis  with  precision,  so  that  the  case,  if  desired, 
may  be  referred  to  the  surgeon.  For  the  surgeon,  he  describes  the  best  technic 
in  a  way  that  admits  of  no  hesitation.  The  illustrations  are  a  feature  worthy  of 
the  text. 


SAUNDERS'  BOOKS  ON 


Cotton's 

Dislocations   and    Joint   Fractures 

Dislocations  and  Joint  Fractures.  By  Frederic  Jay  Cotton,  M.  D^ 
First  Assistant  Surgeon  to  the  Boston  City  Hospital.  Octavo  of  654 
pages,  with  1201  original  illustrations.  Cloth,  ;^6.oo  net ;  Half  Morocco, 
^7.50  net 

WITH  1201  ORIGINAL  ILLUSTRATIONS 

Dr.  Cotton's  clinical  and  teaching  experience  in  this  field  has  especially  fitted 
him  to  write  a  practical  work  on  this  subject.  He  has  written  a  book  clear  and 
definite  in  style,  systematic  in  presentation,  and  accurate  in  statement.  The 
illustrations  possess  the  feature  of  showing  just  those  points  the  author  wishes  to 
emphasize.     This  is  made  possible  because  the  author  is  himself  the  artist 

Bofton  Medical  and  Surreal  Journal 

"  The  work  is  delightful,  spirited,  scholarly,  and  original,  and  is  not  only  a  book  of  refer- 
ence, but  a  book  for  casual  reading.    It  brings  the  subject  up  to  date,  a  feat  long  neglected." 

Kemp  on 
Stomach  and  Intestines 

Diseases  of  the  Stomach  and  Intestines.     By  Robert  Coleman 

Kemp,   M.  D.,   Professor  of  Gastro-intestinal   Diseases  at  the   New 

York  School  of  Clinical  Medicine.     Octavo  of  766  pages,  with  279 

illustrations.  Cloth,  $6.00  net;  Half  Morocco,  $7.50  net. 

THIRD   PRINTING  IN   EIGHT  MONTHS 

Of  the  many  works  on  gastro-intestinal  diseases,  this  is  perhaps  the  only  one 
in  which  the  needs  of  the  general  practitioner  are  given  pre-eminent  emphasis. 
It  is  the  practitioner  who  first  meets  with  these  cases,  and  it  is  he  upon  whom  the 
burden  of  diagnosis  rests.  After  the  diagpnosis  is  established,  the  practitioner,  if 
properly  equipped,  could  frequently  treat  the  case  himself  instead  of  transferring 
it  to  a  specialist.  This  work  is  intended  to  equip  the  practitioner  with  this  end  in 
view.  Auto-intoxication  has  been  given  unusual  attention.  Typhoid  fever  is 
also  included  because  of  its  local  manifestations. 

The  Therapeutic  Gazette 

*•  The  therapeutic  advice  which  is  given  is  excellent.  Methods  of  physical  and  chenaical 
examinations  are  adequately  and  correctly  described." 


SURGER  Y  AND  ANA  TOMY 


Kelly  and  Noble's 
Gynecology 
and  Abdominal  Surgery 


Gynecology  and  Abdominal  Surgery.  Edited  by  Howard  A. 
Kelly,  M.  D..  Professor  of  Gynecology  in  Johns  Hopkins  University ; 
and  Charles  P.  Noble,  M.  D.,  Clinical  Professor  of  Gynecology  in  the 
Woman's  Medical  College,  Philadelphia.  Two  imperial  octavo  volumes 
of  950  pages  each,  containing  880  original  illustrations,  some  in  colors. 
Per  volume:  Cloth,  ;$8.oo  net;  Half  Morocco,  iJg.SO  net 

BOTH    VOLUMES    NOW    READY 

WITH  880  ILLUSTRATIONS  BY  HERMANN  BECKER  AND  MAX  BR5dEL 

In  view  of  the  intimate  association  of  gynecology  with  abdominal  surgery  the 
editors  have  combined  these  two  important  subjects  in  one  work.  For  this  reason 
the  work  will  be  doubly  valuable,  for  not  only  the  gynecologist  and  general  prac- 
titioner will  find  it  an  exhaustive  treatise,  but  the  surgeon  also  will  find  here  the 
latest  technic  of  the  various  abdominal  operations.  It  possesses  a  number  of 
valuable  features  not  to  be  found  in  any  other  publication  covering  the  same  fields. 
It  contains  a  chapter  upon  the  bacteriology  and  one  upon  the  pathology  of  gyne- 
cology, dealing  fully  with  the  scientific  basis  of  gynecology.  In  no  other  work 
can  this  information,  prepared  by  specialists,  be  found  as  separate  chapters. 
There  is  a  large  chapter  devoted  entirely  to  medical  gynecology^  written  especially 
for  the  physician  engaged  in  general  practice.  Heretofore  the  general  practi- 
tioner was  compelled  to  search  through  an  entire  work  in  order  to  obtain  the  in- 
formation desired.  Abdominal  surgery  proper,  as  distinct  from  gynecology,  is 
fully  treated,  embracing  operations  upon  the  stomach,  upon  the  intestines,  upon 
the  liver  and  bile-ducts,  upon  the  pancreas  and  spleen,  upon  the  kidneys,  ureter, 
bladder,  and  the  peritoneum.  The  illustrations  are  truly  magnificent,  being  the 
work  of  Mr,  Hermann  Becker  and  Mr,  Afax  BrddeL 

American  Journal  of  the  Medical  Sciences 

"  It  is  needless  to  say  that  the  work  has  been  thoroughly  done ;  the  names  of  the  authors 
and  editors  would  guarantee  this,  but  much  may  be  said  in  praise  of  the  method  of  presentation, 
and  attention  may  be  called  to  the  inclusion  of  matter  not  to  be  found  elsewhera." 


SAUNDERS'   BOOKS  ON 


Mumford's 
Practice  of  Surgery 

The  Practice  of  Surgery.  By  James  G.  Mumford,  M.  D.,  In- 
structor in  Surgery,  Harvard  Medical  School.  Octavo  of  1015  pages, 
with  682  illustrations.     Cloth,  $7.00  net ;  Half  Morocco,  $8.50  net. 

JUST  R£ADY 

DIFFERENT  FROM  OTHER  SURGERIES 

This,  as  its  title  implies,  is  a  work  on  the  clinicaJ  side  of  surgery — surgery  as 
it  is  seen  at  the  bedside,  in  the  accident  ward,  and  in  the  operating  room.  It  ex- 
presses the  matured  outgrowth  of  twenty  years  of  active  hospital  and  private 
surgical  practice,  together  with  the  experience  gained  from  clinical  teaching,  class- 
room discussions,  and  lectures.  The  plan  of  the  work  is  somewhat  off  the  con- 
ventional lines,  the  diseases  being  taken  up  in  their  order  of  interest,  importance, 
and  frequency.  The  illustrations  are  in  entire  keeping  with  the  excellence  of  the 
text. 

DaCosta's  Modern  Surgery 

Modern  Surgery — General  and  Operative.  By  John  Chalmers 
DaCosta,  M.  D.,  Samuel  D.  Gross  Professor  of  Surgery,  Jefferson 
Medical  College,  Philadelphia.  Octavo  of  1 502  pages,  with  966  illus- 
trations.    Cloth,  $5.50  net;  Half  Morocco,  $7.00  net. 

NEW   (6th)   EDITION— INCREASED  TO   1500  PAGES 

A  surgery,  to  be  of  the  maximum  value,  must  be  up  to  date,  must  be  com- 
plete, must  have  behind  its  statements  the  sure  authority  of  experience,  must  be  so 
arranged  that  it  can  be  consulted  quickly;  in  a  word,  it  must  be  practical  and 
dependable.  Such  a  surgery  is  DaCosta' s.  Always  an  excellent  work,  for  this 
edition  it  has  been  very  materially  improved  by  the  addition  of  new  matter  to  the 
extent  of  over  200  pages  and  by  a  most  thorough  revision  of  the  old  matter. 
Many  old  cuts  have  been  replaced  by  new  ones,  and  nearly  100  additional  illus- 
trations have  been  added.  Notwithstanding  this  large  addition  of  matter,  the 
price  has  not  been  increased. 

Rudolph  Matas*  M.  D.,  Professor  of  Surgery,  Tulane  University  of  Louisiana. 

••  This  edition  is  destined  to  rank  as  high  as  its  predecessors,  which  have  placed  the  learned 
author  in  the  fore  of  text-book  writers.  The  more  I  scrutinize  its  pages  tlie  more  I  admire  the 
marvelous  capacity  of  the  author  to  compress  so  much  knowledge  in  so  small  a  space." 


SURGERY  AAV  AAA  TOM  Y 


Scvidder^s 
Treatment  of  Fractures 

WITH  NOTES  ON  DISLOCATIONS 

The  Treatment  of  Fractures:  with  Notes  on  a  few  Common 
Dislocations.  By  Charles  L.  Scudder,  M.  D.,  Surgeon  to  the  Massa- 
chusetts General  Hospital,  Boston.  Octavo  of  628  pages,  with  856 
original  illustrations.  Polished  Buckram,  $$,^0  net;  Half  Morocco, 
$7.00  net. 

THE  SIXTH  EDITION 
OVER  28,500  COPIES 

The  fact  that  this  work  has  attained  a  sixth  edition  indicates  its  practical 
value.  In  this  edition  Df.  Scudder  has  made  numerous  additions  throughout 
the  text,  and  has  added  many  new  illustrations,  greatly  enhancing  the  value  of 
the  work.  The  articles  on  Dislocations,  illustrated  in  that  practical  manner 
which  has  made  Dr.  Scudder' s  work  so  useful,  will  be  found  extremely  val- 
uable. 

Joseph  D.  Bfyant*  M.D.,  Profesior  of  the  Principles  and  Practice  of  Surgery^  University 
and  Bellevtn  Hospital  MediccU  College, 

"As  a  practical  demonstration  of  the  topic  it  is  excellent,  and  as  an  example  of  bookmaking 
it  is  highly  commendable." 


Bickham's  Operative  Surgery 

A  Text-Book  of  Operative  Surgery.  By  Warren  Stone  Bickham , 
M.  D.,  Phar.  M.,  of  New  Orleans.  Octavo  of  1200  pages,  with  854 
original  illustrations.     Cloth,  $6.50  net ;  Half  Morocco,  $%.QO  net. 

THE   N£W   (3d)  EDITION 

This  absolutely  new  work  completely  covers  the  surgical  anatomy  and  opera- 
tive technic  involved  in  the  operations  of  general  surgery.  The  practicability  «4. 
the  work  is  particularly  emphasized  in  the  854  magnificent  illustrations  which  form 
a  useful  and  striking  feature. 

Bofton  Medical  and  Surgical  Journal 

"  The  book  is  a  valuable  contribution  to  the  literature  of  operative  surgery.  It  represents 
a  vast  amount  of  careful  work  and  technical  knowledge  on  the  part  of  the  author.  For  the  sur- 
geon in  active  practice  or  the  instructor  of  surgery,  it  b  an  unusually  good  review  of  the  subject** 


SAUNDERS'  BOOKS  ON 


Sisson's 
Veterinary  Anatomy 

Text-Book  of  Veterinary  Anatomy.     By  Septimus  Sissos.  S.  B., 
V,  S.,  Professor  of  Comparative  Anatomy  in  Ohio  State  University. 
Octavo  volume  of  826  pages,  with  588  illustrations,  mostly  original 
and  many  in  colors.     Cloth,  $7.00  net;  Half  Morocco,  S8.50  net 
JUST  READY— WITH  SUPERB  ILLUSTRATIONS 

This  is  a  clear  and  concise  statement  of  the  esisential  facts  regarding  the 
structure  of  the  principal  domesticated  animals,  containing  many  hitherto  unpub- 
lished data  resulting  from  the  detailed  study  of  formalin-hardened  subjects  and 
frozen  sections.  Nearly  all  of  the  illustrations  are  original,  the  majority  being 
reproduced  -from  photographs,  and  colors  frequently  used.  The  terminolog)^  has 
been  carefully  revised  with  reference  to  the  B,  N.  A.  and  the  nomenclature 
adopted  by  European  comparative  anatomists. 

Eoiton  Medical  aad  Surgical  Joufn&l 

*'  It  15  not  amiss  to  5ny  that  the  work  ranks  with  the  best.  A  marked  advance  in  En^Hsii 
veterinary  literatiire^  upnon  wliich  student  and  practitioner  may  well  cong:nitulale  thentselrei 
and  no  medical  school  can  afford  to  be  without.  It  is  an  exhaustive  gross  anatomy  of  ibe 
horse,  ox.  pig^  and  dog.  including  the  splanchnology  of  the  sheep." 


i 


Gant  on  Constipation  and 
Intestinal  Obstruction      ■ 

Constipation  and  Intestinal  Obstruction.    By  Samuel  G*  Gaxt,  ^^ 
M.  D.,  Professor  of  Diseases  of  the  Rectum   and  Anus,  New  York 
Post-Graduate  Medical  School  and  Hospital.     Octavo  of  559  pages, 
with  2  50  original  illustrations.  Cloth,  $6.00  net ;  Half  Morocco,  $7-50  net 

INCLUDING  RECTUM  AND  ANUS 

In  this  work  the  consideration  given  to  the  medical  treatment  of  constipation 
is  untistially  extensive.  The  practitioner  will  find  of  great  assistance  the  chapter 
devoted  to  formulas.  The  descriptions  of  the  operative  procedures  are  concise^ 
yet  fully  explicit* 

The  PtoctoIogUt 

'  *  Were  the  profession  better  posted  on  the  contents  of  this  book  ihere  woutd 
be  less  suffering  from  the  ill  effects  of  constipation.  We  congratulate  the  authof 
on  this  most  complete  book. '  * 


SURGERY  AND  ANATOMY 


Moynihan's 
Abdominal  Operations 


Abdominal  Operations.  By  B.  G  A.  Moynihan,  M.S.  (Lond.), 
F.  R.  C.  S.,  Leeds,  England.  Octavo,  beautifully  illustrated.  Cloth, 
$7.00  net ;  Half  Morocco,  $8.50  net 

THE    NEW   (2d)    EDITION 

It  has  been  said  of  Mr.  Moynihanthat  in  describing  details  of  operations  he 
is  at  his  best.  The  appearance  of  this,  his  latest  work,  therefore,  will  be  widely 
welcomed  by  the  medical  profession,  giving,  as  it  does,  in  most  clear  and  exact 
language,  not  only  the  actual  modus  operandi  of  the  various  abdominal  operations, 
but  also  the  preliminary  technic  of  preparation  and  sterilization. 

Edward  Martin,  M.  D. 

Professor  of  Clinical  Surgery ,  University  of  Pennsylvania 

"  It  is  a  wonderfully  good  book.  He  has  achieved  complete  success  in  illustrating,  both 
by  words  and  pictures,  the  best  technic  of  the  abdominal  operations  now  commonly  performed." 


Moynihan  on  Gall-stones 

Gall-stones  and  Their  Surgical  Treatment — By  B.  G.  A.  Movni* 
HAN,  M.  S.  (London),  F.  R.  C.  S.,  Leeds,  England.  Octavo  of  458  pages, 
illustrated.     Cloth,  ;$5.CX)  net;  Half  Morocco,  $6.50  net. 

THE  NEW  (2d)  EDITION 

Mr.  Moynihan,  in  revising  his  book,  has  made  many  additions  to  the  text,  so 
as  to  include  the  most  recent  advances.  Especial  attention  has  been  given  to  a 
detailed  description  of  the  early  symptoms  in  cholelithiasis,  enabling  a  diagnosis 
to  be  made  in  the  stage  in  which  surgical  treatment  can  be  most  safely  adopted. 

British  MediccJ  Jounui 

*•  He  expresses  his  views  with  admirable  clearness,  and  he  supports  them  by  a  large  num- 
ber of  clinical  examples,  which  will  be  much  prized  by  those  who  know  the  difficult  problems 
and  tasks  which  gall-stone  surgery  not  infrequently  presents." 


Moynihan's  Patholoi(y  of  the  Living 

The  Pathology  of  the  Living  and  Other  Essays — By  B.  G.  A. 

Moynihan,  M.  S.  (London),  F.  R.  C.  S.     i  2mo  of  260  pages.    ;$2.oo  net. 

These  addresses  and  papers  deal  with  those  surgical  subjects  upon  which  Mr. 

Moynihan  is  an  authority.     The  underlying  theme  of  all  of  them  is  the  vastly  greater 

value  of  operating-room  findings  as  compared  with  those  of  the  postmortem  room. 


lo  •     SAUNDERS'  BOOKS  ON 

Eisendrath's 
Surgical  Diag'nosis 

A  Text-Book  of  Sur>i:ical  Dias^nosls.  By  Daniel  N.  Eisendrath, 
M.D.,  Professor  of  Surgery  in  the  College  of  Physicians  and  Sui^eons, 
Chicago.  Octavo  of  885  pages,  with  574  entirely  new  and  original 
text-illustrations  and  some  colored  plates.  Cloth,  $6.50  net;  Half 
Morocco,  {58.00  net. 

THE  NEW  (ad)  EDITION 

Of  first  importance  in  every  surgical  condition  is  a  correct  diagnosis,  for  upon 
this  depends  the  treatment  to  be  pursued  ;  and  the  two— diagnosis  and  treatment — 
constitute  the  most  practical  part  of  practical  surgery.  Dr.  Eisendrath  takes  up 
each  disease  and  injury  amenable  to  surgical  treatment,  and  sets  forth  the  means 
of  correct  diagnosis  in  a  systematic  and  comprehensive  way.  Definite  directions 
as  to  methods  of  examination  are  presented  clearly  and  concisely,  providing  for 
all  contingencies  that  might  arise  in  any  given  case.  Each  illustration  indi- 
cates precisely  how  to  diagnose  the  condition  considered. 

Surgery,  Gynecology,  and  Obitetricf 

"  The  book  is  one  which  is  well  adapted  to  the  uses  of  the  practising  stirgeon  who  desires 
information  concisely  and  ficcurately  given.  .  .  .  Nothing  of  diagnostic  importance  is  omitted, 
yet  the  author  docs  not  run  into  endless  detail." 


£isendrath's  Clinical  Anatomy 

A  Text-Book  of  Clinical  Anatomy.  By  Daniel  N.  Eisendrath, 
A.B.,  M.D.,  Professor  of  Surgery  in  the  College  of  Physicians  and 
Surgeons,  Chicago.  Octavo  of  535  pages,  illustrated.  Cloth,  ^5.00 
net;  Half  Morocco,  $6.50  net. 

TH£  NEW  (2d)  EDITION 

This  new  anatomy  discusses  the  subject  from  the  clinical  standpoint.  A  por- 
tion of  each  chapter  is  devoted  to  the  examination  of  the  living  through  palpation 
and  marking  of  surface  outlines  of  landmarks,  vessels,  nerves,  thoracic  and 
abdominal  viscera.  The  illustrations  arc  from  new  and  original  drawings  and 
photographs.     This  edition  has  been  carefully  revised. 

Medical  Record,  New  York 

••  A  special  recommendation  for  the  figures  is  that  they  are  mostly  original  and  were 
made  for  the  purpose  in  view.  The  sections  of  joints  and  trunks  are  those  of  fornuUinited 
cadavers  and  are  unimpeachable  in  accuracy." 
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Schultze  and  Stewart's 
Topographic  Anatomy 

Atlas  and  Text-Book  of  Topographic  and  Applied  Anatomy.     By 

Prof.  Dr.  O.  Schultze,  of  Wurzburg.  Edited,  with  additions,  by 
George  D.  Stewart,  M.D.,  Professor  of  Anatomy  and  Clinical  Sur- 
geiy,  University  and  Bellevue  Hospital  Medical  College,  N.  Y.  Large 
quarto  of  189  pages,  with  25  colored  figures  on  22  colored  lithographic 
plates,  and  89  text-cuts,  60  in  colors.     Cloth,  1^5.50  net 

Arthur  Dean  Bevan.  M.  D.,  Professor  of  Surgery  in  Rush  Medical  College^  Chicago. 

"  1  regard  Schultze  and  Stewart's  Topographic  and  Applied  Anatomy  as  a  Tcry  admirable 
work,  for  students  especially,  and  I  find  the  plates  and  the  text  excellent." 

Sobotta  and  McMurrich's 
Human  Anatomy 

Atlas  and  Text-Book  of  Human  Anatomy.  In  Three  Volumes.  By 
J.  SoBOTTA,  M.D.,  of  Wiirzburg.  Edited,  with  additions,  by  J.  Playfair 
McMurricii,  a.  M.,  Ph.  D.,  Professor  of  Anatomy,  University  of 
Toronto,  Canada.  Three  large  quartos,  each  containing  about  250 
pages  of  text  and  over  300  illustrations,  mostly  in  colors.  Per  volume: 
Cloth,  ;$6.oo  net ;  Half  Morocco,  ^7.50  net. 

VOLUM£    III    NOW    READY— COMPLETING    THE    WORK 

The  great  advantage  of  this  over  other  similar  works  lies  in  the  large  number 
of 'magnificent  lithographic  plates  which  it  contains,  without  question  the  best  that 
have  ever  been  produced  in  this  field.  They  are  accurate  and  beautiful  reproduc- 
tions of  the  various  anatomic  parts  represented. 

Edward  Martin,  M.D.,  Professor  of  Clinical  Surgery ^  University  of  Pennsylvania. 

"This  b  a  piece  of  bookmaking  which  is  truly  admirable,  with  plates  and  text  so  well 
chosen  and  so  clear  that  the  work  is  most  useful  to  the  practising  surgeon." 


Morris'  Dawn  of  the  Fourth  £ra  in  Stnr^ery      MtReady 

Dawn  of  the  Fourth  Era  in  Surgery  and  Other  Articles.  By 
Robert  T.  Morris,  M.  D.,  Professor  of  Surgery,  New  York  Post- 
Graduate  Medical  School  and  Hospital.     Octavo  of  200  {>ages,  illustrated. 


12 


SAUNDERS*  BOOKS  ON 


Bier's 
Hyperemic  Treatment 

By  WILLY  MEYER.  M.  D.,  and  ProL  V.  SCHMICDCN 


Bier's  Hyperemic  Treatment  in  Surgery,  Medicine,  and  the  Special- 
ties :  A  Manual  of  its  Practical  Application.  By  Willy  Meyer,  M.  D.. 
Professor  of  Burger}''  at  the  New  York  Post-Graduate  Medical  School 
and  Hospital  ;  and  Prof,  Dr.  Victor  Schmieden,  Assistant  to  Prof. 
Bier,  University  of  Berlin,  Germany.  Octavo  of  280  pages»  with 
original  illustrations.     Cloth,  S3.00  net 

NEW  (2d)  EDITION -FOR  THE  PRACTITIONER 

For  the  pracHtioner  this  work  has  a  particular  value,  because  it  gives  special 
attention  to  the  hyperemic  treatment  of  those  conditions  with  which  he  comes  in 
daiiy  contact.  Yet  the  needs  of  llie  surgeon  and  the  specialist  have  not,  by  any 
means,  been  neglected.  The  work  is  not  a  translatioiip  but  an  entirely  original 
book,  by  Dr,  Willy  Meyer,  who  has  practised  the  treatment  for  the  past  fifteen 
years,  and  Prof.  Schmieden,  Professor  Bier's  assistant  at  Berlin  University.  In 
the  first  part  the  three  methods  of  inducing  hyperemia  arc  described;  in  thesccond,_ 
are  taken  up  the  details  of  apphcation,  ~ 

New  York  State  Journ&l  of  Medicine 

"We  commend  this  work  to  all  those  who  arc  interested  in  the  treatment  of  infections, 
either  acute  or  chronic,  lor  it  13  the  only  aiuliorimtive  treatise  we  have  in  the  English  langTaagt." 
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Campbell's  Surgical  Anatomy 


A  Text-Book  of  Surgical  Anatomy.     By  William  Francis  Camp» 

BELL,  M.  D*,  Professor  of  Anatomy,  Long  Island  College  Hospital, 
Octavo  of  67s  pages,  with  319  original  illustrations.  Cloth,  ^5.00  net; 
Half  Morocco,  #6.50  net. 

JUST  READY— THE  NEW  (2d)  EDITION  ~ 

The  first  aim  in  the  preparation  of  this  ori^nal  work  was  to  emphasize  ^e 
practical.  Il  is  in  the  fullest  sense  an  applied  anatomy — an  anatomy  that  will  be 
of  inestimable  value  to  the  surgeon  because  only  those  facts  are  discussed  and 
only  those  structures  and  regions  emphasized  that  have  a  peculiar  interest  to  him. 
Dr.  Campbell  has  treated  his  subject  in  a  very  systematic  way.  The  mag^nificent 
original  illustrations  will  be  found  extremely  practical. 

Boston  Medical  and  Surgical  Journal 

"The  author  has  an  excelleni  command  of  his  subject,  and  treats  it  with  the  freedom  and 
the  conviction  of  the  experienced  anatomist.     He  is  also  an  admirable  dimciaA/* 
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Preiswerk  and  Warren's  Dentistry 

Atlas  and  Epitome  of  Dentistry.  By  Prof.  G.  Preiswerk,  of  Ba»l.  Ed- 
ited, with  additions,  by  George  W.  Warren, D.D.S.,  Professor  of  Operative 
Dentistry,  Pennsylvania  College  of  Dental  Surgery,  Philadelphia.  With  44 
lithographic  plates,  152  text-cuts,  and  343  pages  of  text  Cloth,  I3.50  net 
In  Saunders'  Atlas  Series. 

••  Nowhere  in  dental  literature  hare  wc  erer  seen  illustrations  which  can  begin  to  compare 
with  the  exquisite  colored  plates  produced  in  this  volume."— ZVm/o/  Review. 

Griffith's  Hand-Book  of  Siir|(ery 

A  Manual  of  Surgery.  By  Frederic  R.  Griffith,  M.  D.,  Surgeon  to  the 
Bellevue  Dispensary,  New  York  City.  i2mo  of  579  pages,  with  417  illus- 
trations. Flexible  leather,  |2.oo  net. 

"  Well  adapted  to  the  needs  of  the  student  and  to  the  busy  practitioner  for  a  hasty  review  of  important 
poinu  in  surgery." — Amtrican  MnUcme, 

Keen's  Addresses  and  Other  Papers 

Addresses  and  Other  Papers.  Delivered  by  William  W.  Keen,  M.  I7., 
LL.D.,  F.  R.  C.  S.  (Hon.),  Professor  of  the  Principles  of  Surgery  and  of  Clin- 
ical Surgery,  Jefferson  Medical  College,  Philadelphia.  Octavo  volume  of 
441  pages,  illustrated.  Qoth,  I3.75  net 

Keen  on  the  Surgery  of  Typhoid 

The  Surgical  Complications  and  Sequels  of  Typhoid  Fever.    By  Wm.  W. 

Keen,  M.D.,  LL.D.,  F.R.C.S.  (Hon.).  Professor  of  the  Principles  of  Surgery 
and  of  Clinical  Surgery,  Jefferson  Medical  College,  Philadelphia,  etc 
Octavo  volume  of  386  pages,  illustrated.  Qoth,  I3.00  net. 

"  Every  surgical  Incident  which  can  occor  during  or  after  typhoid  fever  is  amply  discussed  and  Tully 
illustrated  by  cases.  .  .  .  The  book  will  be  useful  both  to  the  surgeon  and  physician."— 7/// 
Practitiontr^  London. 

Gould's  Operations  on  Intestines  and  Stomach 

The  Technlc  of  Operatloiis  Upon  the  Intestines  and  Stomach.  By  Al- 
fred H.  Gould,  M.  D.,  of  Boston.  Large  octavo,  with  190  original  illustra- 
tions, some  in  colors.     Cloth,  I5.00  net;  Half  Morocco,  $6.50  net. 

"  The  illustrations  are  so  good  that  one*scarcc1y  needs  the  text  to  elucidate  the  steps  of  the  operations 
described.  The  work  represents  the  best  surgical  knowledge  and  skill." — Nrw  York  State  Journal  oj 
MedUint, 

McClellan's  Art  Anatomy 

Anatomy  in  Its  Relation  to  Art*  By  George  McClellan,  M.  D.  ,  Professor 
of  Anatomy,  Pennsylvania  Academy  of  the  Fine  Arts.  Quarto  volume,  9  by 
12^  inches,  with  338  original  drawings  and  photoglyphs,  and  260  pages  of 
text.     Dark  blue  vellum,  $10.00  net ;  Half  Russia,  |I2.  $0  net. 
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Haynes'  Anatomy 

A  Manual  of  Anatomy.  By  Irving  S.  Haynks,  M.D.,  Professor  of  Prac- 
tical Anatomy,  Cornell  University  Medical  College.  Octavo,  680  pages, 
with  42  diagrams  and  134  full-page  half-tones.  Cloth,  I2.50  net 

American  Pocket  Dictionary  soth  Edition 

The  American  Pocket  Medical  Dictionary.    Edited  by  W.  A.  Newma^n 

DoRLAND,  A.  M.,  M.  D.,  Editor  "American  Illustrated  Medical  Dictionary." 
598  pages.  Full  leather,  limp,  with  gold  edges,  $1.00  net;  with  patent 
thumb  index,  I1.25  net. 

Grant  on  Face»  Mouthy  and  Jaw^s 

A  Text- Book  of  the  Surgical  Principles  and  Surgical  Diseases  of  the 
Face,  Mouth,  and  Jaws.  For  Dental  Students.  By  H.  Horace  Grant, 
A.M.,  M.D.,  Professor  of  Surgery  and  of  Clinical  Surgervt  Hospital  College 
of  Medicine.     Octavo  of  231  pages,  with  68  illustrations.      Cloth,  $2.50  net. 

Fowler's  Surgery  in  Two  vohimes 

A  Treatise  on  Surgery.  By  George  R.  Fowler,  M.  D.,  Emeritus  Pro- 
fessor of  Surgery,  New  York  Polyclinic.  Two  imperial  octavos  of  725  pages 
each,  with  888  original  text-illustrations  and  4  colored  plates.  Per  set : 
Cloth,  |i 5.00  net ;  Half  Morocco,  $18.00  net. 

International  Text-Book  of  Surgery  sea»d  Ediiioo 

The  International  Text-Book  of  Surgery.  In  two  volumes.  By  Ameri- 
can and  British  authors.  Edited  by  J.  Collins  Warren,  M.  D.,  LL.  D., 
F.  R.  C.  S.  (Hon.),  Professor  of  Surgery,  Harvard  Medical  School ;  and  A. 
Pearce  Gould,  M.  S.,  F.  R.  C.  S.,  of  London,  England.  Vol.  I.  :  General 
and  Optative  Surgery,  Royal  octavo,  975  pages.  461  illustrations,  9  full- 
page  colored  plates.  Vol.  II.  :  Special  or  Regional  Surgery,  Royal  octavo, 
1 122  pages,  499  illustrations,  and  8  full-page  colored  plates.  Per  volume  : 
Cloth,  $5.00  net ;  Half  Morocco,  I6.50  net. 

American  Text-Book  of  Surgery  rouiih  Ediiioo 

American  Text-Book  of  Surgery.  Edited  by  W.  W.  Keen,  M.  D., 
LL.  D.,  Hon.  F.  R.  C.  S.,  Eng.  and  Edin.,  and  J.  William  White. 
M.  D.^  Ph.  D.  Octavo,  1363  pages,  551  text-cuts  and  39  colored  and 
half-tone  plates.     Cloth,  $7.00  net ;  Half  Morocco,  I8.50  net 

Robson  and  Cammid^e  on  the  Pancreas 

The  Pancreas ;  Its  Surgery  and  Pathology.  By  A.  W.  Mayo  Robson, 
F.  R.  C.  S.,  of  London,  England ;  and  P.  J.  Cammidge,  F.  R.  C.  S.,  of 
London,  England.  Octavo  of  546  pages,  illustrated.  Cloth,  $5.00  net; 
Half  Morocco,  |6. 50  net. 
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American  Illustrated  Dictionary  ^ha  New  (sth)  Ediaan 

The  American  Illustrated  Medical  Dictionary.  With  tables 
of  Arteries,  Muscles,  Nerves,  Veins,  etc.  ;  of  Bacilli,  Bacteria,  etc. ; 
Eponymic  Tables  of  Diseases,  Operations,  Stains,  Tests,  etc.  By  W.  A. 
Newman  Dorland,  M.D.  I^rge  octavo,  876  pages.  Flexible  leather, 
I4.50  net;  with  thumb  index,  $5.00  net. 

Howard  A.  Kelljr,  M«D.»  Professor  of  Gynecology ,  Johns  Hopkins  University,  Baltimore, 

"Dr.  Dorland's  dictionary  is  admirable.  It  is  so  well  gotten  up  and  of  such  con- 
venient size.    No  errors  have  been  found  in  my  use  of  it." 

Golebiewski  and  Bailey's  Accident  Diseases 

Atlas  and  Epitome  of  Diseases  Caused  by  Accidents.     By  Dr. 

Ed.  Golebiewski,  of  Berlin.  Edited,  with  additions,  by  Pearce  Bailey, 
M.D.  Consulting  Neurologist  to  St.  Luke's  Hospital,  New  York  City. 
With  71  colored  figures  on  40  plates,  143  text-cuts,  and  549  pages  of 
text.  Cloth,  I4.00  net.     In  Saunders'  Hand- Atlas  Series. 

Helferich  and  Blood^ood  on  Fractures 

Atlas  and  Epitome  of  Traumatic  Fractures  and  Dislocations 

By  Prof.  Dr.  H.  Helferich,  of  Greifswald,  Prussia.  Edited,  with  ad- 
ditions, by  Joseph  C.  Bloodgood,  M.  D.,  Associate  in  Surgery,  Johns 
Hopkins  University,  Baltimore.  216  colored  figures  on  64  lithographic 
plates,  190  text-cuts,  and  353  pages  of  text.  Cloth,  I3.00  net.  In  Saun- 
ders* Atlas  Series, 

Sultan  and  Coley  on  Abdominal  Hernias 

Atlas  and  Epitome  of  Abdominal  Hernias.  By  Pr.  Dr.  G.  Sul* 
TAN,  of  Gottingen.  Edited,  with  additions,  by  Wm.  B.  Colev,  M.  D., 
Clinical  Lecturer  and  Instructor  in  Surgery,  Columbia  University,  New 
York.  119  illustrations,  36  in  colors,  and  277  pages  of  text.  Cloth, 
I3.00  net.     In  Saunders*  Hand-Atlas  Series, 

Warren's  Surreal  Patholo^  |^ 

5urs:lcal  Patholos:y  and  Therapeutics.  By  J.  Coluns  Warren, 
M.D.,  LL.D.,  F.R.C.S.  (Hon.),  Professor  of  Surgery,  Harvard  Medical 
School.  Octavo,  873  pages;  136  illustrations,  ^^  in  colors.  Cloth, 
l5.oonet;  Half  Morocco,  |6. 50  net. 

Zuckerkandl  and  DaCosta's  Surgery  |S^ 

Atlas  and  Epitome  of  Operative  Surgery.  By  Dr.  O.  Zucker- 
kandl, of  Vienna.  Edited,  with  additions,  by  J.  Chalmers  DaCosta, 
M.  D.,  Professor  of  Surgery  and  Clinical  Surgery,  Jefferson  Medical  Col- 
lege, Phila.  40  colored  plates,  278  text-cuts,  and  410  i)ages  of  text. 
Cloth,  13.50  net.     In  Saunders'  Atlas  Series, 
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Moore's  Orthopedic  Surgery 

A  Manual  of  Orthopedic  Surgery.  By  James  E.  Moore.  M.D.,  Professof 
of  Clinical  Surgery,  University  of  Minnesota,  College  of  Medicine  and  Surgery. 
Octavo  of  356  pages,  handsomely  illustrated.  Cloth,  $2.50  net. 

*' The  book  is  eminently  practical.  It  is  a  saie  guide  in  the  understanding:  and  treatment  ol 
orthopedic  cases.    Should  be  owned  by  every  surgci  a  and  practitiooer."— ^»»ai:r  qfSmrgetjm 

Towler's  Operating  Room  New  (2d)  cdiiioB 

The  Operating  Room  and  the  I^atient.     By  Russell  S.  Fowler.  M.  D., 

Surgeon  to  the  German   Hospital,   Brooklyn,  New  York.     Octavo  of  284 

pages,  illustrated.  Cloth,  |2.oo  net. 

Dr.  Fowler  has  written  his  book  for  surgeons,  nurses  assisting  at  an  operation,  internes, 
and  all  others  whose  duties  bring  them  into  the  operating  room.  It  contains  explicit 
directions  for  the  preparation  of  material,  instruments  needed,  position  of  patient,  etc.. 
all  beautifully  illustrated. 

Nancrede's  Principles  of  Surgery      New  (2d)  cdiboa 

l^ectures  on  the  Principles  of  Surgery.  By  Chas.  B.  Nancrede,  M.D., 
LL.D.,  Professor  of  Surgery  and  of  Clinical  Surgery,  University  of  Michigan. 
Ann  Arbor.     Octavo,  407  pages,  illustrated.  Cloth,  $2. 50  net. 

*•  We  can  strongly  recommend  this  book  to  all  students  and  those  who  would  sec  something 
of  the  scientific  loundation  upon  which  the  art  of  surgery  is  built."— ^xar/^/r  Medical Jotirna*, 
Sheffield,  England. 

Nancrede's  Essentials  of  Anatomy,    serenth  cditioii 

Essentials  of  Anatomy,  including  the  Anatomy  of  the  Viscera.  By  Chas. 
B.  Nancrede,  M.D.,  Professor  of  Surgery  and  of  Clinical  Surgery,  University 
of  Michigan,  Ann  Arbor.  Crown  octavo.  388  pages  ;  180  cuts.  With  an 
Appendix  containing  over  60  illustrations  of  the  osteology  of  the  body.  Based 
on  Gray  s  Anatomy,         Cloth,  |i. 00  net.    In  Saunders*  Question  Compends, 

**  The  questions  have  been  wisely  selected,  and  the  answers  accurately  and  concisely  given."— 

University  Medical  Magazine. 

Martin's  Essentials  of  Surgery.    **''*RiviS/*'*"' 

Essentials  of  Surgery.  Containing  also  Venereal  Diseases,  Surgical  Land- 
marks, Minor  and  Operative  Surgery,  and  a  complete  description,  viith  iilus- 
trations,  of  the  Handkerchief  and  Roller  Bandages.  By  Edward  Martin, 
A.M.,  M.D.,  Professor  of  Clinical  Surgery,  University  of  Pennsylvania,  etc. 
Crown  octavo.  338  pages,  illustrated.  With  an  Appendix  on  Antiseptic  Sur- 
gery, etc.  Cloth,  $1.00  net.     ///  Saunders'  Question  Com  fiends. 

"  Written  to  assist  the  student,  it  will  be  -A  undoubted  value  to  the  practitioner,  conUining  ask 
docs  the  essence  of  surgical  work."— ^oj/ow  Medical  and  Surgical  Journal. 

Martinis  Essentials  of  Minor  Surgery^  Band- 
aging,  and  Venereal    Diseases.      ^^^£Sit'^ot^*'^ 

Essentials  of  Minor  Surgery*  Bandaging,  and  Venereal  Diseases.    By 

I'.DWARD  Martin.  A.M.,  M.D.,  Professor  of  Clinical  Surgery,  University  ol 

1  Pennsylvania,  etc.  Crown  octavo,  166  pages,  with  78  illustrations. 

Cloth,  1 1. 00  net.     In  Saunders*  Question  Com  fiends. 

*•  The  best  condensation  of  the  subjects  of  which  it  treats  yet  placed  before  the  profetskw.*^— 
The  Medical  Aeu-s,  Philadelphia. 
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